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f ABSTRACT

K.

vj This ressarch investigates seismic signal processing
techniques for battlefield target <classification and acgui-
sition. Multiple *arget <classification is performed by
discrete time domain matched <filtaring. Mul+iple <*arget
directions are determined usirg the responses of the matched
filters and least @®ean squares polynomial curve £fitting.
The least mean squares polynomial carve fitting procedure is
also used for direction finding f£ar recoil/blast scurces,
using the unfiltered seismic signals.
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I. INTRODUCTIIN

Timely a2nd accurate combat intelligence is a irp<tegral
par« of the =aodern battlefield. A primary goal of combat
intelligence is target acjuisition. Hostil2 tacgets caa be
‘ acquired by either passive ¢r active 13eans. An example of
passive target acjuisition is visual target iientification.
Radar, on <he o+her hazg, is an active *ac-get acquisition

device. Ar  effective combat igrzalligence sys=-em will
include a aix of both active and passive targetr acgquisition
met hods.

Rapidly alvazcing technology in the fields of electroric
counter-measures and radiation-seeking weapons has enhancei

interes<t in passive *targst acguiisition metkeds. To be ccs=
effective, as an additional targst acquisition system, 2

passive system must be able to proviias swift and accurate
target identification, 1location and tracking informatiorn on
hos<ile targets. A variety of s2ismic sensor systems have
been used in this roll with varving degrees of sucess.

Yaval Ocean System Coammand (NJSC) in Sa2n Diego 1as
developed a system based on a circular cing ¢f sensors with
data collection managed by aa arcay-prccessor/minicomputer

systen [Ref. 1]. The observation of enemy amoveamerts and
activity beyond the Porward Edge of <hs Battle Area (FEBA)
is the design objective of this systenm. This thesis uses

data collected during a test of this system at +the Marine
Corps Air-Ground Combat Center at Twenty-nine Palnms,
Califiornia. 1Inwvestigated are various methods of procsessing
the seismic data collected. The objective of this rasearch
is to try to provide viable wmethods of satisfying system
design objectives through signal processing techniques.
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Tha feollowing chapter addresses <the design objectives

and requiremeats for such a seismic sensor systaMm.
Additionally, capabilities and 3=2£ficiencies o€ cucrent
systeas and research are detaiied. In order <o in<elli-

gently address solutions to these raguirements and deficien-
cies, an understanding of seismisz theory and sensors \is
needed. Genaral seismic theozy is presented wi“h emphasis
on the constraining parameters for <the use of <the ecarth's
surface as a medium for gathering seismic irtelligencs.
Also highlighted are the similaritias of the earth®s surface
to elec*ro/optical phenromena and tae cCesulting simplifying
assumpticas.

The sequence of design solutions investigated folloved
from the analogies and simplifying assuaptions addressed in
the study of seismic senscr <theory. The problem cf targe+
identification or classification is appr-ocached using digital
matched filtering c¢f +he time domain amplitude data.
Fragquency domain matched filtering #as not ccnsidered, based
upon the cénclgsion by NOSC that there appeared to be no
coensistant spactral lines for any of the possible target
types, sxcept for artillery [Ref. 1]. Matched filtering was
used to identify single and amultipla target classes occuring
during a sample period. The chaptar detailiang tha matched h
filter procedures and iaplementation also includes 2
description of support and validiation softvare used in the

analysis of the seismic data.

The validation software is prisarily used to check the
accuracy of the directiom f£findiang routines. These direction
finding toutines are the time domaia phase difference proce-
dura (TDPD) and a least mean squares polynomial (LMSP) curve
fit*ing procedure. The combining of the matched filtering
procedure and these direction routines alloved for multiple E
target direction finding. The theory and derivations of the
two direction finding algorithms are presented in the
aultiple target direction chapter.

13
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Applica+tion of these algorithms is performed fizst orn
simulatesd targets £for validation of the procsdures. The
experimental data is then arnalyzed. A user's manual, which
includes procedures for tape and mass storage operationsg, is

provided as aa appendix. This appendix describes how tc set
up and use the software systen.
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IT. IHEORY OF SEISMIC SENSORS

Elastic waves result from the stressing 2f ar elastic
media. The 2lastic media for seismic *theory is the ear<h.
Seismic thecry is the study of ¢tha earth as a wvave propa-
gating media, Elastic waves propagate away from the source
of seiswmic stress, e.qg. an explosisn [Ref. 2). The enszgy,
which propagates <¢through the earth, =r-avels via particle

defcrma=zions. The elastic properties ard densities cf the
earth media datermine the velocities of these seismic waves.
{Ref. 3]. Seismic wave sources of in%eres* mz2y be impulsive
or continucuas. Inpulsive or short duratica sources ars
artillery recoil or shell blasts. The time-limited nazure
of this type of seismic signal produces a broad raage of
freguencies. Continuous wave signals may be produced by
tanks, trucks and lcw flying aircrafe. These cortinucus
vave signals may be described by narrow band freguency char-
acteristics. The spectral power >f a seismic source is a
function of several rarameters. A non-inclusive 1list of
these parametars includes:
1. The vehicle's velocity and aass
2. The size of the explosive charg2 associated with the
artillery or shell blast
3. The degree of coupling into the earth's surface
4. The geological structure over the wvave's path
Information about the seismic source is contained in the
| wvaves vhich it generates. Por axanple, in an array of
seisaic sensors, directional information is contained in the
relative received sigmal phases. In otherwords, the rela-
tive phase differsnces betveen the signals received by the
individual array elements can be used to compute the direc-
tion to the seismic source [Ref. #]. These relative phase

15




differences represent the time delays of the waves as <hay
pass the array's elemen*s. The response of the aroay's
elaments is proportional to the aapliztude and veloci+y of
the earth's motion, =relative to thes gecphone's sensiag axis
fcr the vaves, [Ref. 3]

Assumptions about the propagation of seisaic waves mus<+
be made to assist with their analysis. The earth is assumed
to bhe made up of horizontal, homsgeneous, and iso%rorpic
layers of material. These layers ar2 assumsd to be discen-
tinuous in their elastic proper+ies at their borders. This
variance in the elasticity between the layers leads %o arn
optical analogy for the wave propagation. Prcpagatiorn paths
may nov be viawed as being direct, refracted, or reflected
versions of the source's seismic waves. ([Ref. 3]

There are four ktasic types of seismic waves. These
types ace compressional, shear, Love, 2nd Rayleigh waves.
Compressional waves are generated by impulsive sources such
as shell blasts. Particle motion is along the direc+icn of
travel. Shear waves ars charactacized by particle action
orthogoaal <o the direction of motion. The Love wave is a
surface wave which may occur as a result of the layering of
the earth's surface. This layerzing effect acts as a vave
guide for this type of wvave,. Particle motion is orthogonal
to the direction of wave propagation. The Rayleigh wave is
generally the strongest of the seisaic waves. The Rayleigh
vave travels along <the free surface of the earth. Its
particle motion direction is always in the vertical direc-
tion. It is the strongest vave gensrated by a compressional
source. Its aaplitude attenuates at a rate only inversly
pcoportional to the s=quare root of the distance. ([Ref. 3]

The vaves of prisary interest for a seisaic system are
thes Rayleigh and Love wvaves. This is due to> the long-range
propagation of these waves. Since these two wave types are
orthogonal to each other, ¢they nust be sensed by different

16




geophones. Rayleigh waves may be ssnsed by vertical
geophones and the Love waves by horizon*tal geophones. Sirncs
the Rayleigh wave is normally the strongest, aand in order to
reduce computational complexity, only verticle sensor iatz
is used.
Rayleigh waves experience absorbtion losses, particu-
larly at higher frequencies. This phenomenon occurs because
§ of the lowpass filter effect o0f th: earth. This filtering
! effect is further cohpounded due t> the fact that the cutoff
frequency of the earth diminiskss w#with range. FPurther
complications arise due ¢to the dependence of wave valocity
cn frequency. The result being that <the wave <rain may
change with distance, reducing the corraslation of the wave
shape between its source and distant points. Other sourcses
of error occur because of <the weathering of the surface
layer, irreqularities ir the sub-surface coamposition, wvari-
ances in the sarth's layers and surfac2 geometry. (Ref. 3]

T
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II7. DEVELOPNENTAL BEQUIREMENTS AND PROBLEN DEEINITION

A. PASSIVE TARGET ACQUISITION AND SURVEILLANCE

A battlefield commander possess2s a defiate raquirement
for real time combat int2lligence. A significant tactical
advantage is held by the commander who is able <o integrate
his availiable combat intelligence sources with his
supporting arms, i.e., target acguisition and engagement.
It follows +*hat to be part of th2 targat acquisi<ion
process, any real time, seismic s2a1s5ing syst=2m must provide
swift and accurate information on 3d2tscted =nemy “argets.
Th2 specific requirements for such a system are the ability
to detect, identify, and locat2 these tazgsts [Bef. S].
Additionally, the target's rate and direction of mcvement
should be provided or made easily 3discernible.

Apy seismic sensing system must be designed around tke
target acquisistion cycle. The target acquisition cycls, as
given by Dublin {Ref. 5], is as fcllous:

1. Search Time
2. Target Sensing
3. 1Information Processing
4. Display of Target Information
5. Analysis of Target Informatisn
6. Time required to make a Decision
7. Time Required for Supporting Weapons to Resvend
For a seismic system, a prioritized list of possible

targets are as followus:
1. Artillery
2. Helicopters and Aircraft
3. Tracked and Wheeled Vehicles
4. Perscnael

18




As may be expected, the relative amplitudes of these seisnic
targets vary widely. A seismic targeting system Is tlhece-
fore coastrained as to the “argets it car 92z can =59t be
expected *o effectively engage.

The variance in ths relativs anzplitudes of saissic
targets suggests a2 range of specifications for detection of
thase targets. As susmarized by Dablin [Ref. S], possible
detection radii may be as shown ir lrable I. Radii are given
for both short and lcng “arge+ing systaas.

TABLE I
Target Detection Radii

Tazge: short Range Sysza1 Long Rzagde Sysken
Personael 100H None

Vehicles . 1KY 10-20K#H
Low Plying Aircratt 1K4 10-20KHM
Hostilée Wéapons 1K4 15-20KM

The timeliness requirament is ancillary to the radii of
datection spacifications. Timelinass, as used here, refers
to the *otal time commencing wher tha seismic sensor system
first detects and processes the seisaic target data and
ending with the dissemination of tha <targeting irformation
to comnand slements for dispositioa. This timeliness
rTequirement ranges between £five to fifteen ainut2s,
depending upcn the mobility of tha :~arget [Ref. 5].

The parassters having a direct effect on tha timeliness
of a system are the probabilities »>f false alara ard Jdetec-
tion. These parameters directly rslate to a system's valuye.
Increased probability of detection with reasonable false
alars performance, coabined with tha ability *o disreguard
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friendly targets, are practical d4a2sign objectives for any
*argeting systen. The ability to incorpora<e such desig:n
features into a seismic sensor system will =zeduce both the
time wasted on iavalid targets and the danger 5f urndatected
+argets.

Once a valid target has been detected, *arget location
information must be obtained. Stringent specifications for
target loca*isns allow for the system to support or =nhance
+he effectiveness of; fire support systems, blird bombing,
Harassing and Interdiction fire (H and I), and observerless
artillery ergageaernt.

B. CURRENT CAPABILITIES AND DEPICIENCIES ;

To da*e, numerous successful aigorithas havzs beer devel-
oped %0 determine directisn tc sizgle “argets. These algo-
rti*hms include both tima and fragqusancy domain methods.

Target identification of 1long raage targets via seissic
sensing has not yet met with =qual success.

The modera battlefield is seliom a single <arget “ype y
ervironment. The coamplica*ed, re2l wcrlidl problems of ‘
mulcipla target identification ari multiple target engage~-

men+ require soluticn befora practical seismic sensor ?
systeas can be integrated into the targe: acquisition

process.
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IV. MATCHED EILTER CONCEPT AND DISCRETE ALGORITHM

A. MATCHED PILTER THEORY

As previously address=ad, the2r2 exists a raguiremen+ for
battlefield target identificatioa/classification. Thz
recovery and classification 9f ta-gat signals sugges*ts a
filtering requirement, Previous works acd implementations
have used frequency domain +t2chniguss [Ref. 4]. The Air
Force's SKEET system and the U.S Army's Remote Battlefielld
Surveillance System (REMBASS) botn have successfully imple-
mented a spactral power approaca for <classification of
seismic data. These systems, howaver, re for shcrt range
applica+«ions. Time domain approaches <o target identifica-
tion have been for the most part laft unexplioreil.

The discrate ma+ched fil-ering technique is an a<temp*
to classify targets by thair time 3lomain amplitude pa*tern
i.2., *heir seismic amplitude sijyna*ure. The heuristic
basis for this method evolved from the observation c¢f visual
differences batwe2n <the amplitude versus time signals for
the various classes of targets. The ma+ched fil<er, Dbeing
tha optimum £filter for detecting known signals, was selected
{Ref. 6].

The discrete ma+*ched filter is described by eguation
4.1, where h(%t) is the imapulse rasponse of a filter whose
output signal to noise ratio at tims ¢, is maximized. The
uniz step u () has been added to assure causality for <the
systea., The matched filter is [Ref. 7].

h(t) = s(*, -t)u(t) (4.1)
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The output signal is given by
oD
s¢cut =-/£(v)s(t - v)dv (4.2)
- Oy
The paximum signal to noise ratio is given by
(sout2/N2)maxoutput = Z(t, ) /N (4.3)

Whare M is the noise level a% the filter outpout, N is *he
input noise level, and E(%,) 1s the energy in s(t) up %o
time t,. In 2quation 4.2, the replica of the oziginal kncwn
signal is <reversed and translated in *ime to be convclved
with the signal input to <the filter, producing the optigum
output signal to noise ratio.

Fcr discrete realization of ths matched filter as imple-~
mented, equation 4.2 beconzs egquartisn 4.4, where h(k) is the
reflected and translated known signal,

N
sout (3) =;§(k)s(j - k) (4.4)

Where N is the number of data poirts per sample period.

B. HSATCHED FILTER ALGORITHHN

Samples of known signals are stored inm 3 data file and
read into a 5120 array at <the start of program execution.
Pive sample, or known filter signals, are recorded in ¢his
arraye. Bach sample signal coamprises 1024 5f <the 5120
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elements of the matched £ilter array. To perform =hsz
matched filtering, the 1024 seismic data samples (ixkncwn
signal) are copied cver five tim2s on an arzay oI 11264
size. These copies c¢f the ~experimental data are separa<%e?d
by 1024 zeros on 2ither sije. Additionally, *he leading aznd
trailing elements of <the 2xperimental data are set to zsro
t¢ 9liminate switching spikes oraessnt in the data. Barca
forth, this 11264 element array will be referred +to as the
working array for brevity. This working array will contain
tha results of th2 matched filtaring. For M, given as *+Eks
auaber of iaput signal and filter signal arzay slements and

14
|4 4
™
1

also the number of zeros, the raquirement se+ feoro
{Ref. 8] for nonoverlapping convolu%ion of 1length L is
satisfied. Bquation 4.5 establisass the miaimum length for
nponoveriappiny convolution of one matched fil“er segment.

L =24~ 1 (4.5)

Pigure 4.1 depicts the working array 1layout. Notice
that the first filter signal, "Trackad Vehicle® is lcaded
into the h(t) arzay and is convolut2d with the working array
elements one through 2048. Once the leading data point of
hi(t) reaches the vorking array's element 2048, a nev known
signal is 1loaded into h(t), "wheelad Vehicle", and the
convolution is continued for working array elements 2048 to
4096 . This process continues until the last of <the five
h(t) filter signals has basen read in and ¢the convolu%ior has
been performed on all copies of tha data. Notice that
working data array elements 10240 to 11264 are for array
length over-run protection.

Prior to convolution, each filter sample signal and the
input signal are equalized to the same power level through
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Pigure 4.1 Working Array Configuration

division by their —respective <r£od>% mean sguars valuses.
Ajdiicionally, after +4he coaxvolu=ian, the entire wvorking
array is normaiized with respsct ¢ ity wmaxiaun zmplitudz

elamen+. Tha maxinua valus in eacn targes classificatin
section is *then «coapared wita <th3 interac=ivzly selected
matched £il<er threshcli, I *he sec*icn's peak valus is
above the threskold value, <hat cliss of targe: is declarced
to be present. This m2thod alloes for the simultaneous
detecticn and classificaton of aultipls targets. It should
be noted <+hat this equalization forces betk high and low
ampli+ude signals to an equivalent average power lavel.
This is felt to be justified in that signal amplification is
not the goal, rather target detectisn and classification is.
In the case of a single target, thae known signal that most
closely match2s the unknown signral is anticipated +o have
the greataest z2maplitude matched filtar spike. Figure 4.2 is
a sample output.
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C. BULTIPLE TARGET MATCHED FILTERING
The upper 1limat of zy3a%ticn <.+ 2ay be selzczeld =< o3

£z0n one *o 1024 when cailed by th: 2aultiple tzr-g=< iiczc-
®

tion routizne, This allows £or «he selection ¢ reducsi
grogram execution “imes. Targe+ ilisn<ifiication, nowaver, is
always made by the full 1024 el2122* buffer, When <the

ma=ched fil*-er targe<~ idantification routine 1is nszd by ths

mul+tiple ta-get Adirscticn finding rou+ine, Zata windows of
3 £

less <+haa 1024 are <foraed €from 2 se3;2n< O the 1024
£.22ents by @xtracting ths secgasnt size rsguired arcuné the
maxiaum signal value. Figure 4,3 illustsates +kis

praceduse.,

- e o

i 840
1
420
f~

| ~203
{ DATA — !
40 SELECTED
'W'g N= 300 f
3 DT = .008sec
~1680 T{peak) = 15.4
1 sec
E PEAK VALUE
~2100 \a T T T 'ﬁ T T : T
8 9 10 n 12 13 14 15 16 17

TIME ~SECONOS-

Pigure 4.3 Windowing of Experimental Data

D. COBPUTATIONAL REQUIREMENTS

The computational reguirements for <+his proceduce are

described by aquation 4.6, «where N3 is the “otal number of

operations required by the ma*ched filtar routine.

26




NO = (NAf2) (Nc) + (NAf - 1) (N4d¥) (Nc) (4.5)
Ndf is <+he nuszber of data =2lements and also ths =nuzbes of
£€il=er elements. N¢ is the total numba2r of targetr classes.

Tha term Ndf2)Nc 3

a
5 tke teczal rnamber £ mulwiplica*icns
uired, while (NAf - 1) ¥diNc is <he =Tctal 1au

Tag mper ol
additions.

When used for target I1dentificazion, J4f 2quals 1324 and
Nc equals £five, 2qua+ticn 4.6 givzs 2 ztotal of 10,489,640

opa-ations for thes as. ihen <h2 mazchszé ¢
rouctire is ipitiat e
routine, the value NA¢ can be selec¢ted =9 cang2 from caz
+o 10Z4. Pigure 4.4 is a plot of 2quation 4.6 W
compu%ational consegusnce for selec%ion of 1la e
Ndf. No%e <+hat equatiorn 4.6 must D2 zultipled
of sensors in the ring wh2n computing zhe nu
tions for the multiple direction routine.
Windcw sizes 2f 100 and 200 werz found to proviéde accep-
table accuracy with greatly reduczd compu*2*ion tipes. As
shown by figqure 4.4, a wvindow sizs of 200 -equires 399,000
operaticns, while a wiadow size of 10) rzquires only 99,500
ope-cations. The number of operations required was founld, as
expected, +o be proportiopal to the ex=cution time of =kis

routine.

E. SUPPORT SOFTWARE

1. Amplitude Apalysis ( Iimout )

A graphical cutput is provid=ad by this amplitude
routine which displays the rela<ive amplitude versus time
for a selected sensor. The initial target directior and
target classifications found are also displayed. This

routine allous for the dinpteractiva selection of the
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amplitude response of any sensor as a1 saaple target for
later wuse in <+he matched £il<er analysis. In this way
sample, signals can be catalogusd and evaluated as filter
signals. The axes of tns graphical output adapts to the
data's maximua aaplitude and to thae time perisd involved.
Pigure 4.5 is an exampl? >f amplizuile analysis output.

2. Preguzacy A33li¥sis ( EPradgct )

The frequency routine, as in the amplitude aralysis
routine, allovs for initial primary target direction, target
classifications, and for the *ime par:iod of the experimental
data to be displayed. Normalizal spectral power versus
frequency is graphically displayed as shown in fiqure 4.6.

28




3nding 281l susiaa apnitiduy 3ydwes G°*4 9anbt4

a1 L1

heddddebobedededod b s

-SONGI3S- AWIL
9t st vl £l 21 1 o1 6

NP T TUTOTTE FETETETETTY FUTETTRT T PrTTTTTTTY FRTTTTerTY PFODTTTUTTS PRTETUTTES DU TTUTTN

¢- NOIL33YIQ LINE

1S78-HS  H3A-0HM "0°1 13940l
5 Y3EWNN HOSNIS

28y Y3GWNN IN3AQ

0otz-

LINdNI

29




Indino 1i1e9mod snsiaa Aousnbaig aidmes 9°y 0inbta

-ZH- A3N3N0334
Sk 05 St 0

Ao S G I U W S VST U R T W G S S S U U G PO U G N T U W S U P S St Los ehmecdegdadends bl 0

-
o
v

|

PV
-

.
o

b
o
¥3M0d

00°81 00°8 (335100143d WIL
2-  NO[LJ3YI0 LINI ”

15719-HS  HIA-0TIHM “0°1 139841 670
€ ¥IGWNN HOSNIS .

Z8E  d3OWNN INJA3




3. gSipulazion and Validatiop Saf:iwaze (SINULI)

In order to valilate tha various algori«hms and
+their implementation in software, a1 tasting procedure was
Tequired. The specific algerithas which <he simulatiorn
toutine was dasigned to validats are the inizial a=ngle,
phase differance and least 13ean square target direction
routines. Thesa routines, as previously described, us= <h=
ralativs time differences of the seismic signal's peak
anplitude response c¢r the peak 32tcned filter esponss
Tespectively. Vvalidaticn of thess routines is perf ormsi by
allowing the crea*ticn of simulat2d <argets with s2lec+ed
arrival angles.

Simulated <*argets can be czated in the routins
SIMULT. Up %> four sine wave targets of selscted f-equency,
amplitude, and direction can be irput during each saarie
period. These simulated targets are added to the experi-
mental seismic signal data for the saaple perici.
Correspondingly, zerc diraction filtar data must have been
written into the matched filter data file at these sslectel
sample “arget frequencies.

The directions for the simulatad targsts are created
by introducing relative phase delays b2%tvweer the sizne waves
that are add2d to each sensor'’s seismic data. This is
implemerted by introducing a zero phase to the sensor in the
desired direction of the simulated target. The phases of
the other sensors are increased proportionally by <heir
distance on the c¢ircular array away from +the zero phase
shift sensor. Pigure 4.7 illustrites <+he case of a zero
dagree simulated target direction.

A sumnary of <the target 31iractions found by the
mul«iple target direction rcoutine 21nd the simulated targets
entered is provided by the aultiple directior plo*ting
routine. Figure 4.8 is a sample outpuc.
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sensor#l {sensor#6

Simulation of a Zero Degree Target

Pigure 4.7
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V. HMOLTIPLE TABRGET DIRECTION

A. THEORY AMD DESIGN CRITERION

The moderan battlefield is comprissd of many classzs and
quantities of seismic sigmpals. Using +th2se signals <oz
*target identification and acquisition is the rurpose of
battlefield seismic seasors. As presen<sd in =ke 1lasc:
chapter, matched filters can be uszd for %args: ider<ifica-
tion. In *this chapter, i« will be shown =that matchad fil<er
informa+tior may alsc be used o ob%ain ta-get bsari

Multiple target acguisition r=2quires <he concurrcenz
separation of tha targe:t classes and the ccmputation of
direction for each of the targetr classas found. The outpu:
of the matched filter is a spike a3t t,, the =“ime of peak
signal detection. If matched <filteringris vperformszd for
each of the seasors in thz ring , the value of “heir raspsc-
tive t,, for sach filter cutput, wo1ld be different. Since
*he seismic waves impinge upon =3¢ sensor at different
times, depenient upcn the target dlrecticn, the wvalues for
%, for each sensor may be expeczed to be directly ralated
+0 the arrival angle of “he seismic wava. The +, spike of
the matched filter ocuvtput may be <thought of as a signal
compression £5r both the contiauous (tank, tzuck etc.) and
the time 1limited (shell blast, artillery recoil ezc.)
seismic signals (Ref. 6].

Time domain methcds [Raf. 1] use the positional differ~

ences of known wave points to geomatrically estimate direc-

tion. The times associated with 21 sensor ring's peak
aaplitude responses may b2 explained by way of an illustra-
tive example of a shell blast. A rough direction to the

origin of this shell blast can be computad using the
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rela+ive tine differances associated with +he peak

ampli+udes of all of *he ring's sensors [Ref. 9].

w

The enhancz2d time positioral ianformation, which iz
by-product of the ma+ched f£iltering, saa be usz2é <c parfora
just such a +-ime domain apprcach. The motivation for che
method is that, unlike other =iz2 aa1d frequercy domain
methods, wvhich are very susceptible <to noise ccrruption
inaccuracies, matched filtering pulls ths signal ou*t of the
noise ard optimally detects <he signal at time ¢, . Two tim=
dcmain methods are evaluated fox £inding arrival zngles cof
+he seismic signal. The first being +he *ime domain ochase
difference (TDPD) =zmethod. The s2cond being a2 leas% mean
squares polynomial (LMSP) curva fitting approach.

B. MHULTIPLE TARGET PILTERING ALGORITHM (MULTI)

The routine MULTI <calls the match2d filter routine for
each sensor's ampli*ude signal, Returned ace the target
classes found with their rela*ive peak filter response posi-
tions. Figure 5.1 illustrates a two target case. The
matched filter response and *he rc2lative time postion for
the *vwo classes 9f targets can be se=zn. The figure schows
that a shell blast target is present. The relztive time for
this target class is 5800. The ra2lative time returned for
the sinmulated wheeled vehicle targer is 3000. These tinmes
or positiocns are relative sincz =2ach sz3nsor's f£ilter
rasponse peaks are offset in time with respect to the peaks
0of the other sensors. This allows for simultaneous direc-
¢ion finding for each class of target. This algorithn
allows selection 5f either a time domain phase difference or
or a least means square peolynoamial algoritha for finding the
direction to the targets. The time domain phase diffarence
algorithm is derived first [Ref. 1). The least mean squares
polyncmial direction algorithm then follows 2and is believed
+0 be an orignial application to this field (Ref. 10].
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1. Mulziple Targe: Direction 2hase DRifference AigozizhR
Ti; = the arrival time of ¢ signal a<

he saisaic
ar

the I-+h sensor for the J-th target class

8 - the angle of <tha2 I-th sensor to th2 x -
axis

D;; = the distance froa the origin to where th2
wave front of the J-tih target passes the I-th
SEnsor

1)

Ty - +he *ime when the J-ta targst class passes
the orgin

Xi,¥%i - the position of the I-th sensor

ih

B, =~ the arrival anglz of th: seisaic wave for

2

+he J~th *arget class
¥ - the seismic wava vsiociz
R =~ the radius of the sanser ring

I - <he sensor number wh2re I has integar values

ferm one tc nirne
J = the J-th target class

N - <+he numbter of sansors in the ring

Pigure 5.2 illustrates these param2ta2:s and <heir intecde-

pendence. Th2 derivation o9f the algoritha follows:

9.

1

=2 (T - NN

where zero degrees is set parrallel to the x - axis

g

Y

Dyi

= Rcoseé;
= Rsing;

= Rcos(9; -~ q )
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Figure 5.2 Circular Sensor Array Geoametry

or eguivalently D.. = (X )cosB_ + (Y )cosB,
J1 1 J 1 b

ch {1/ N) %rji
i=1
Tji ch - Tji

V=057,

vV = ((xi)cosB) + [%_)sin% )/(ch-rji) {5.1)

Since <+the vwave velocity can be assumed to be
coenstant when passing all sensors, thea for any sensor I and
K where I # K, eguation 5.1 leads %o
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((X;)cosB; + (g_)sinai)/(Tc. - T ) =
;) - J 21
)

((Xi)cosBj + (Yi)51n% )/(T% - %k

wh2re I # K

Now solving for the arrival angle Egr_ o€ =he d=ve
J1lx

= - - (Tz. = 2
sjik arctan ( ((ch Tjk ) Xi ( g Tji ) xk) /
((Tc, = T. )Y =~ (Ic. =T )Y ))
3 jit ok ) kL
or equivalently;
Bjik = arctaa (((Tg -T: ) cos§ - (IS -Ty;)cos8, )/

((ch-Tji)sznak-(rcj-rjk)s;:ei))

Where the values of 7., and T., are re=wurcsd values fr2o =n

U

4
matched fil-er routire.
Now;
. = 2 f: ..
BJ (7 () 2) 5i lek
i=lk=1
Whare B is +*the direction in =zadians *o +*he J-+h class
target. For the mul*tiple dicec+tidon routine as iamplemnenrtsi,

'j* has values from cnpe %tc five.

2. least Mean Sguare Polynomial Dirsctior Findirng

The least mean sguare dirsction finding alger-it
vas developed in response +o probisms encountered w
phase differasnce direction <£findiny algoritia. Thi
method is base on a least wmean sguares polynomial cu
of *he sensor data. This approach was selacted sin
least mean sguares polyromial provides for best £it oI a
maxipum ljkelihood curve fit for noisy daza.

The lsast mean squares dirsction £findirng algoritha,
as with the phase difference algoritha, assumes *he seismic
wave to be planar. Pigure 5.2 illustrates the paramsters
for this mogdel. Once the assumption of a plannar seisumi=z
wave is made, the expected relation between the arrival
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Since the seasors iz =2
increments cf forty degress relative to the
lation can be seen between the rel
sensor and ths arrival azgle of ta2 seismic wav

a

. A pioz
can now be made <o illustrate th2 rala+ionsaip 2% ssanscr
angles versus relative time dzlays. Pigura 5.3 is a plot
for a nine sensor ring with 2 plasnar ssismic wave arrcivin

at zero degrees. Pigurz S.4 shecws tha“ for a2 wave at an
arrival angl: of 160 Jegcees, cne dslay <“in2 at sSeasor
nunber five will be zero. I+ can be seen *hae the Zi<sing
0f these ideal data pecints wi<h a ls:as* meas s9g
mial will produce an equation £for a curvs who
value is also at the arrival aagle 5f th2 seismic 4
pininum degzee ¢f <+he peclynoaial <3 £it <this 14 a
four. This rfesul:s from noting that *ae curvz2 in figurs S.
has three curve inflections. Por experiment
ainimum curve point corr2spcads o <the predict
angle. ’

Polynomials <¢f Jegrees highzr thar four aay be
expected ¢o enhance arrival angle 2-zors since +th2 pclyno-

(s d

mial would dis*o-t tc £it necisy data. Least 32ans squares
polynomials of dagree twe 3ad <=<hrez hosdevar, may be useful
in reducing curve sensitivity %o ore or +two aalfunctioni:

sensors or excessively noisy data.
3. Leacst Beag Sguazes Poiynomial Al3oritha Dezivetior

Let:
N - number of data poin%t pairs

Y. - the observed or axperimatal data position

values

X;- independent degree values with a range of 0 to
360 degraes
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Pigure S.4 Belative Time Delay versus Sensor Angle

Pi' dependent predict=2d Jdzlay time values found by
the least mearn sjuares polynomial

A; ,B; - coefficient values for the system of simul-
tanesous equations

E,~ error between the experimental data values arnd
predicted values of “ime dalays

S -~ sum of the square errors betweer 2ach data and
predicted points

The derivation of the least mean sguares polynomial follows:
S = E2 ¢+ E2 4« E2 +,,.+ 2
1 3 N
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n
P,= A+ A X ¢ A, X2 ¢ AXI 4 Li. ¢ A X] (5.2)
B=Y- Py (5-3)
!
s =§si2 (5.4)
i=1

Combining equaticas 5.2 and 5.3 yields

n
B, = Yl— AD- slxl- Azxf * eee” Hn.‘i

~1

where n is +he degree of the polyzomial such hat ¥ > n + 1
ard 1 <1 < N

Equation 5.4 now beccomes, aftsr substi<wucting for £, egqua:zio:n
S.s

N
= - - - 2 - - N2
S z(!i A= AX = A X cae AXY) (5.5)
i=1

: T>» f£ind the minimum c¢f the sum of the sgquares expressel by
; equation 5.5, the partial deriva*ives of S with respect to
all of the coefficients are <aken. At the miniaum, these
partial derivatives all vanish.

N
n
35/340= 0 =i;2 (Y- Ag= & Xj-eoo- A X)) (=1)

35/24,= 0 =1;2 (T;- A= By Xi=eee= B X5 (=X;)

35/08 = 0 = Y2 (¥, - Ag- & Xi-eu.om A X1 ( -T})

Lividing by tvo and rearranging gives £ + 1 normal simulta-
neous aquations. Expressed in matrix notatiocn these sgqua-

e ———

tions beconms
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1

;x.” Lemtl Taen. Jxan

The coefficient matrix in the abcvs system of s2qua+tions carn

A mny
J\.“. in i
be solved for. The miniaum value £for Pican then be fcurd.

The X corresponding tc this minimum value is declazed <o be
the predicted arrival angls 0f *he seismic wave. ([Ref. 10]

4. Adaptive Jarget Direction Pipndiag

.-_.n

An adaptive method is used %o iaprove *he directicnms
found for all siagle tarqet' cases. Tc enhance the resclu-
tion accuracy of the peak filter ocutput position, the single
target seismic data is copied in+to th2 filter data section
for its class of target. Subsequsntly, when the matched
filter routine is <called for each sensor, filtering is
performed with sensor data from that time period.

5. Software features of the Mulziple Target Directiorn
Routine

As first addressed in thas previous chapter, +he

multiple direction routine allows for the selection of the
numaber of data points to be used froam the 1024 size buffer
of sensor data. This was included to investigate the algo-
ritha's performance for various data/filter window sizes and
to allow an op*ion for reduced CZPU time utilzation for
interactive program runs. Tabular output from this routine
includes the event number, <the time period for the data,
identification and directions for up to five target classes,
and up to four sisulated +target spacifications. Also,
notice +that the routine adapts ¢> the number of sensors
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specified fecr the ring. This was nacessary since the exper-
imental data included sensor rings of six and nine ves<ical

Sensors.

C. MULTIPLE TARGETS OF THE SAME TARGET CLASS

A limitation on <he system, 21s prasenz2d up =0 this
point, is its inablity to engage multiple *argets of tha
same class. Discrete targets may appear as ssparate enti-
ties since the seismic signals ganerated by the +two sanme
class targe+s ar2 not 1likely to be incident at the same
time. This situation is greatly complicated for continucus
time signals, such as tracked or wh2ela2d vehicles. Por such
continuous time targets, mutual iistortion wzuld be +he
likely result.

An algerithm is needed to identify these multiple peaks
without erroneously declaring elemsnts ia the same peak as
targets. By using cnly the positive half of +the matched
filter output ard performing data smoothing on “he remaining
poirts, a curve with its number of peaks 2qualling +he
number of targe*s present <could be generat=d. Numerical
methods for curve fitting or intzrpolation are availatle
[Raf. 11.]. Polynomial curve fit<ing, Sterling’s method and
variations of Newton's method are osaly a few of *he possible
approaches applicable for squally spaced data. By differen-
tiating the smoothed data, +he p2aks and valleys of the
filter output can be found. The height of the curve corre-
sponding %o the points vhere the Jdz2rivative is zero car now
be compared to the selectad ma*ched filter threshold. This
excludes the valley roints and leaves the points remaining
vhich correspsnd <¢¢ the relative times of the same class
targets.

This method is ccnstrained by resolution of close prox-
imity, time limited targets and aa2ar phase synchronization
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The variables <o be optimized

be the degree of
exclusion of erronecus valleys

cf continuous targets.

through experimentation may
of the curve data and the
associated with the same target's Jaca.
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VI. ANALYSIS OF SEIJMIC DATA

Analysis of the simulated and 2xperimental seisamic daza
will be conducted as detailed in Table II. Table ITI lists
the matched filter contents for ths simulated daza. Table
IV is <+he test plan for the experimsntal data. Table V
lis~s the matched filter signals used for <+he experimen<tal
data analysis.

Table VI summarizes <he results of the simulted and
experimental data runs for directisn fiading. The window
size, used for all multiple <arget direction £irding
results, was 300. Table VII lists the evacts in which
targets were aissed or incorrec+ly identified.

The time domain phase differenc2 directions foand, are
not presented for the reasons naotad earlier. Errors cf up
to aighty dagrees were not uncommcn with this method.

Each event run will be accompanied by the follcwing
graphic output:

1. Least Yean Square Initial Direction

2. Matchei Pilter Response

3. Amplitude Resgpcase

4. Amplitude Response of any Malfunctioning Sensor

5. Freguency lesgonse

6. Least Mean Sguares Polynomial Curve Pitting (LMSP)

Using Matched Pilter Outputs
7. Multiple Target Direction Summary Resulting from
least Mean Squares Curve PFittiag




TABLE IIX
Tast Plan for Siaulated Data
Zvent #sen #Igts Freguency Aamplitude Dzzsctoon
001 9 1 10 3000 ]
001 9 1 10 3000 40
001 9 1 10 3000 120
001 9 1 10 3000 240
TABLE III
Natched Filter for Simulated Targets
. Ejltez Egeguency Aaplitude Direction
Tracked veh 30 2030 ]
Wheeled Veh 10 2030 0
Sh21l blast data from event #333 d
Helicopter 15 2030 0
Personnel 20 2000 0

48
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TABLE IV
Test Plan for Experimantal Data
Even: #3ep #Igts Dir ITarget Distaznce
383 9 1 0 Shot SKM
382 9 1 0 Shot 5Km
372 ) 1 315 Helicoptaer 5 - 15KM
375 6 1 0 Taak 5 - OKnm
374 6 1 315 Helicopter 15 - S5KM
302 6 1 0 Mortar 1KM
31y 6 1 315 LvT 4 - 5KM
354 6 S Q 10Som How S5Km
225 175mm Gun 4K
3" k%50 rank & - 264
TABLE V
Matched Filter for Experiaental Data
Targst Event Used as Eilte:
Tracked Vehicle 37s
fheeled Vehicle none (backround noise)
Blast/Recoil 383
Helicopter 372
Personnel none (backround noise)

4
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TABLE VI
Summary of Direction Pinding Results

) , I§%;;§l LM3P
Zyer: #gen #Tqts Diszaace Dix CIL Zzzror DIE €IICT
001 9 1 N/A 0 N/A 0 0
001 9 1 N/A 40 N/A 49 0
no1 9 1 N/A 120 N/A 120 O
001 9 1 N/A 240 N/A 240 0
383 9 1 5K ] 4(3) 1.1 28 (4) 7.8

-5 1.4

382 9 1 S5KM 0 -14(4) 3.9 -6 1.67
372 6 1 S -« 15KM 315 ~32 3.6 -59 3.9
375 6 1 5 - KM 0 312 13.3 PAILED
374 6 1 15 - 5KM 315 =59 4.0 FAILED
302 6 1 KM 0 4 1.1 6 1.7
354 6 5 5Kn 0 -3 .8 3 .8

4 KM 225 291 18.0 FAILED

4 - 5k4 315 FAILED

4 - 5Kkm @ PAILZD

*Note: Tha matched f£ilt «hreshold was set

or
at_.9 for all single taryets and ,6 for all
multlgle target events. 8rackets indicate *he
us2 of other than a szcond degree polynomial.
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TABLE VII
Bissed or Incorrectly Identified Targe:s

Even: $Targets Target Naturz of Errocs

375 1 Tank 1. Matched filter was no=*
pased on a high S/N
sample signal }
374 1 Helo 2. Small seismic signal f
anplitudes ’
354 1 LVT 3. Malfunctioning sersor (3) f
1 Tank L. . ) . |
1 175am Sevar clilpping 3istortion of
Gup .aput sighal

¥9t$:drhe aumbered errsr socuzcas apply to all =vents
listed.

b s e g

1 3 ‘ - ]

51




100 3IUSAZ JOJ UOTIDDITY Ter3Tul saienbgs ueay jseval atdwes

1°9 ®anb1a

-5334930-379NY

- — - -—

S48 nee A" 0L S/2 (4,574 Y44 002z L4 051 s21 001 SL
A A 4 e ye dtvagusnternadd wh et dete d ttaditttmtbad - ()
00°6 0070 10351501434 JuWlL
007942 NOILJ3xI0 WILINI
¢ "WIHONXINDd 334930
] ¥38WNIN INJAZ | OOt
I 00C
- T T T //r/v/ 0
.- * ~ oor 1
- A
) T e - / ® -
,// 0y m
. / oos 1
// .3
! x
: o fem g
N
/,, F 00¢
o} ooo
LS HINMUK AR
LAHDTONT Py YoM 40OGNIS TeN10Y

(o]
)




100 3INaAy 103 Huauodsay 193114 paydaivy atdwes Z°9 @ianbta

\ T T T T T T T eisae ,
060001 200 iy i 00z o

. M DG 6  ORD  1oBm0inad Wil 1" |

_ : HIOHNN HOSNIS I

AN IN3AT |,

[
1
B 1
'
’

.

20 30711 Tewy

I3 lbw

t

eI

RSN RN 1M DLGU TG WA HIA 0IN0BAL




i

{00 3U.Ad 103 wsuodssy =pniytidey erdmes £°9 21nb1a

(A S YR M ,
3 8 : S 5 v N ¢ : : ,
3 4 3 h i n " L 002 - '

L 0957 -

F 0261

h - 0621
. ﬁ -0V
qh . “ ! { b 0 .W._ 7N
m &
;._ J i MUY
ri : [
M : | it ) -. # 071
i i nwhi
i
[ | H a9z
W TR

. . Lo Ao

——— e d




{00 3IuUsAZz 10] asuodsey Aouonbeirj aydwmes #°9 ainb1a
N T G TR N -
o 5% o St 0
A "y e g
\
10
20
L €°0
40
]
[
S0 3
1
A}
9:0
L (70
870
AUt nat) T O00IN MWTL
S NOLLI3YIO LINY
HIA M 001 13930l L 6°0
b HIHHNN MOGNIS
{ HAGWNN LN
t
v j T VAT Cr) e
SRR ST AUSHES

U2
uj

o




L0O 3IUIAY IOJ UOTIDOITQ I93TT4 Peyslew dSHT  6°9 21nbyg

o T 26334930-19NY
Sil OM— n.— Q.v;_ m.s O.m w.N “.x mm»o OMM Wmu nB._- w~._- mw-PT [-¥4
006 000 103500839 mit §°
HIA QHM 3dAL 1394ul
b WIHONAIOd 338930
_ 43BN INTAT |
3
]
™
r
D
l
e <
3 e
9 3
5 ,
b, 2
-
X
™
w
a
3
SI08HAS HINNUM X0
Q318D 1ONT 349 ULUG ¥OSNIS WNLoW
4
THIWONATIOA ~ 70005 NE3W 1SHIT




po o amy

L00 3veas 103 Aieweng uoIIOBITC 38biel eTdraITnN 4SH1 9°9 ainb14d

ooon y NOTLO3MI]
ooenso J0nL171dWY

000 AONINOIY 1 19d6L TYINNOSHIY O3LHNMES
¢aot"0 NOTLJ3¥41(]
ooeo-o JONLI WY

ag 0 AONINQ3M S 1a98YL ¥ILdOJ 1IN Q3LHWES
00GG"0 NO1133410
0000 0008 30NL1dHY

0001 AONINOINS 1I9MYL FIOTH3A GHM Q3LENHIS
06000°6 NO1133410
00ce a 300L1dHY

100 LONINOIN4 L394YL JTOIHIA ONYL G3L8NHIS

COTC = NOTLOJMIG  NIOTH3A 04T1373M

00°6 00°0 (3351001434 MIL
! YIBWNN LINJAJ

LAGLOC AL e Lokt - 139491 31dTLINK

-— —— —_—

c7

T IR




100 IUSAZ JOJ 1OTIODITA 103TTJd POY23ICH JSRH1T L°9 einbrg
- -5334939-719NY
s¢f ost 52t 00} Y 0s 4 0 s2- 0s- S~ 001-  S2l-
P 1 i e a1 4 o 2 A e e E v o
00°92 00°/! £3351001434 Wl
HIA QM 3dAl 139w4l
¥ TWIHONATOd 334930
_ WIBNN INOAD |
&4
P
m
.
D
far|
S
Q
/ )
/ o
Ly X
-3
. 5]
: W
a’ G
p - 9
SHULS ¥ DINUW 18
GALHDTONT Iy Jiua YOGN3IS WNidY
: ¢

DTG S349N0S . MY 3L

15847

- e

e




e ——— e, :

R e o ]

100 3uaaqd J03 A3vmuns uoridelrq 33baey 31dTITOR ASHT 8°9 21nb1ad

F——— el —— e -— - — — Ly, ————— ——

0060°0 NOI1O3410
0000°0 3001 1141

00N RONANOTMY 1399¥L TINNCSYHId G3LYINdIS
000C"0b NOLLIHIa
uoLo"o 30NLTVdHY

N0y AONINNIY4 139981 33Ld0JIIH O3LUNKHIS
0000 " 0% NO1133410
0000 000¢ J00L1dRY

00°01 LINANDIMY 139881 30 THIA 7M. JILYNKIS
0000°0 NO1133¥10
0000°D 30NL1gWY

00" o0 AONINOTMY 119881 31JTHIA 01 03LWNKIS

59
[SErR N

HCT0E = NOTIDNIG  TIIIHIA a371334M

0C"92 0C°£1 (3351001434 MIL
i H3IGHON_INIAZ

LD U g anTY - 13991 374N




L00 3UsAZ JOJ UOT3IDB81ITQ 193ITTIJ PBYS3IeN dSK1

6°9 2anbya

-_— -— ———— s ——

-$33¥930-319NY
02 S 00z S oSl szl 0Oi S 0% sz 0

2 ' 2 2 oy

0076 0070
H3A GHM

STOBHAS ¥INMUW k9
O31UJIONT 3¥H U1UO MOSN3IS WNLIY

2- 0%

- Aessstcnasdossassacsd )
13351001834 Il
JdAl 13984l
¥ WIHONATOd 338930
I YIGHMN [NJA]

43

S

THIWONATIOd S348N0S NU3W 1554’}

SIWIL X730 3ALLYY

60




100 1ueal 103 KAiemuns uoTIDe11q I8bie] erdyFITInN 4SE1

—_— ———— o . . et . e e e e = mmm e =

01L°9 oInby4

[ —

000C°0 NO1133M10
0oooco J001L 14k

00°0 AONIN03MS 130441 TINNOSH3d Q3IWNHIS
0000°0 NOI133410
0000°0 JUNLINdWY

600 AININGCIAS 139891 ¥IL4031T13H Q3L NKIS
0060°0 NO1133410
0000°0 30N117d4WY

0o o AONINO3MY 139981 JN13IH3A 0HM Q3LUINKRIS
0000°0c! NO11J3410
0000°000¢. 30NLIdHY

00" 0l LONTINDYY 139461 JN31H3A OX¥L G318INWIS

00°0C1 - NOTLIOOQYIO  3100H3A 03733HM

00°6  00°0 (03S)001¥3d IMIL
| ¥384NN_INJAD

-
'
(Y]

N

v

')

MO 431711 03HOIHW - 13344l J14TLINK

o




e = e Hﬂmﬂ’tﬂﬂj
i

L00 3IUBAT 303 UOT3IDSITG 123TFd DOYS3IeW dSKT 11 °9 8Inbya

- -— ——— s — e et e e = e s — ————

-5334930- 319N

ons wmn. an mmn ch.vm mmN GMN wWN ArX.-N mm— QM- Mm»- aw— S¢e
- 00’6 00°0 (33510014834 Wil 0
H3A OWiM 3di1 L3934l
Z TWIHONLAIOd 334930
o B o | YIGWMN LINJA3 g
\\\. fl///
e ~
e
S ¢
]
r
D
2
/o . A :
\\ v o~ :
/ A )

\ 0 .@
\\ -1
\\ x
™
w

; - ® S

/

SIOHWAS HIMMUW 18
O3LHILONTD 9 U1dt HOSNIS Unidd

b lnGHT A SIUN0S NE3W 15841

—— - -




100 3uaAay 103 KiewmmnS uo13inelaTqg 3Iebae] aydIITNR JSHT ZL°9 @2anb1y4

—— e - — e —— e e ——— - ——— ——— ——— —— ——— - —

000070 NOI123d10
{0000 JINLI WY

na-n RGHINDSHY L9961 TTINNOSYId Q31U INHIS
00000 NOT1J3410
coog 9 AINLIdWY

4o°n AONINDIY g 139¥Y1 4314031130 03LIINKRIS
Nu0a " 0¥ NO11J3410
0000 " C00% J0NLIdWY

00701 AONINOANS 1739891 JI3TH3A 0NHM 031W IS
00u0° 0 NOTIJ3810
BO0D"0 JONLT 144y

0N LANANGAINA 1I98HL INITHIA L QJLH WIS

00°0% - NOTLIONIU  FI3EHIA GIYI3HM

00°6 0070 3351001YId 3WTL
1 MIGWNN_INIAD

LNAL0T T HOIYM - L3940L 3L




€8f U2AZ 10J UOTINIITQ TRTITUI JSWT ¢€4°9 ©Inbra

g~ ——— ———— — e e — — e e

-S334930-3"9NY

L-74¢ st (>4 | QDM: Sl o.m m.N 4] wmn QM¢ mm- . j—« M.NL—: Qﬂ-—v SLl-

D TR R R GRS [T

00°y NO11D3510 WILINI

ek S S
\\\\\ﬂ\\‘ //i///// Al
4
/ ¢
® ® - &
/ e ks

\\\
o\ -9
SI0GUAS MINMUN 18
GALYJIONT ¥4 Ulu0 ¥DGN3S WNiodY

4

.

s THONT 204 534905 NYJW LSHIN

L3

Al

.2 Ag730 3

S3W




£RE 3U2Aq 103 asucdsay 193714 payoiel hi°y einbyd

NOLL1150d
ao;oo { 6008 nong oam_v [0°4,4°4 o

* OUIBL 008 T hinuaid i

: 4 HIBUNN HOGN)
£85. CHIAWON LN JA

e

L T T e
e

N
(>}

TINNG AT U 13 14978 1713MS ¢ HIA 03133HM

H3IA_OINOWML

3SHOAC S 401114 03HOLEH

Tdimb

Lale Bl 2N 4
i ST

Slen 20

-~
]
-~

31714

—— g ———




‘.,1,- —

§9f jIu2Aa3 103 8suodsey spniytidoy GL~9 ainbya

-SONQJ3S- Wil

8! m.— am» .mu» v»— n.— N»—L —-— . fm { M L]
001Z-
- 0991 -
L poet -
- 0V8-
L 02y -

o
INaN!
Sy

 ozv
ove
F O09Z1(
k- NOILJ3Y¥IQ LINI
1S19-"MS “0°1 L39Ml - 0891
14 YIGUNN HOSNJS
£8L Y3IBWNN INJAI
-8 0012

OWLL SA ~ LNdANT JOSNJS




——— e

J o e e e e e e e e e e e o ——

09

£ 3Iusayg J03J osucdsay Aousnbeiy

919 eanbryg

-ZH- IIN3N0D3¥A
ot, st

e, den

A
=

=

o oty R

00°8l 00°8 (3351001¥3d 3KIL
b NOILO3¥IO LINI

1578- S a1 139wl

b ¥3IBWNN ACSN3S

£.8% YIORNN IN3AJ

£o

0

S0

—

¥3MCo

S SHANO0MY -SA- 43MOd H0SHIS

—— e e ~—

e e

P




j, . - - . ; e T A - e ——— 3 — J

£8f IUSAY I0J "MOTIDAIT( IVITTH paysieN dSKRT 83i1bag Y3lanogd L1°9 8anbi1a f
e - :
5334930 - 379Ny !
Y4 05! et not Y4 0S 4 Lor SZ- er G-~ 001 - G2 - 0s1-  S41-
P T0THT 008 asTootg Wit 1°
) - TS WS 341 1394l
% WIWONATI0d 334930
\\ M.mw i./,/ mum::z hZU)U
/ AN
/ 572
\\ b //,
g \
a\ ‘e
P
L S ™
_1
D
o
\ -
/ e (3
¢
i P
\ ]
/ Lot @
1] (¥1]
;
[ L
; x4
!
NPT g A
R R LY P ETIFINCY D RRTRNE U VI L | 91R 812 ]
> St
I R (N T AR
A L e o e e - I - - e em e e 2 - e e e e ———— - — e . ———— . ——— . —— ——— o~ o~ -~




e —— e e

£8f JU9AF 103 UOTIN3ITd 193TTd PEYDITH 3SWT eelbag puooas g1 "9 @1nh14

r Jp— —_ - ——— —— - —_—

-S339930-219NY

¢l :m~ n.tN.. eo__ .m.n Q.m LwN m mm: QM' mm- 8.-1 MN-—n 0st- SZ1- .
00 81 00°8 Jicrd0iuld mMiL 1%
1578 HS 3dk1 13941

¢ WINONAI04 F3w930
\q\\\.u/ 1 u3IGMON INIAT |
/ * N

-/
/ 234

S3AWIL A¥T30 3AILlET3Y
69

/ il

\\ * fen

SINAWIS WINYUW Y
UILHITONT 334 W40 HUSNIS WNLOY

S THONATIOd SHEUN0S HY3W LS

L — -——— ——




€8f 3uda3 103 Aiewmns wo13D0e3Tq 39H1v] STATIINK dASHT

6L°9 2INnb14

LR PRIy I P

T

no00° o NO1123¥1Q
oo o J0NL11duy

nn-n AORINN 4 1139891 T3INNOSH3d Q3IYINKIES
0o00°0 NOT133d1d
naeg- g JONLI1dWY

6oy LONINGIAA LI9MUL 8314031730 Q314NKIS
0000 NGI133810
30000 30NL1IdWY

SM] UINANOING 139381 310TH3A OHM 0318INKWIS
00000 NOI 133410
0o0nu°0 JonNLdKY

0oa LONIINGD ) 173988 3T0EH3A OdN1 0318 NMIES

NN = NOTLONEN 1S48 TI3HS

10U "yl N0°9 13351001434 IMIL

£.8¢ HIGUAN IN3AQ

Talos AU HOIW - L3998l ANdILTINKW




8¢ jueag 103 UOTIDAIATC T[PYITUI dSHT 0z°9 2anb1a

e ————— . o S — . S ot -

-$334930-3719NY

as! SZi [8,0] SL oS :t4 0 -~ 05- SL- oat- [~ 4 B os1- S0
A A i A A A nadpas n b wodn o A adasssnstnnd ()
00°81 008  (035100143d 1L
00°¥1- NOILDOJNIO WILINI
v WIHONAI04 334930 feo
el 285 HIEHON INIA3
- !
\\ e )
+S°)
® ﬁa
\ L 62
/
\\ ! t
\.\\ ﬁ
\\ 239
/
\\ * 4
/
/ =3
\.\\\
*/ SIOAHAS ¥INUHW A8 L
OAIUOIONT 3d) UIuG ¥OSNIS HNLIY
S'S

——
P
[—

G730 3AT16N3Y

-
-~

53k

———

0P 06 S34H005 NE3W LSHIT




Z8f 1U2A3 103 @suodsay 123 1T4d Payolel

o -

12°9 21nby3

T T T NOILISOd -
conor ongs i oo o002 0
! Y 00781 00°8 10300083 Wil 1"
: : : £ WIBUNN HOSNIS
” " “ z8t L u3OWNN INIAD | oo
m w “” m - 9°0-
. » ’ " D
: " : : E
' N N v
] [} . .?.0. ~
p . . 3
" : " €
; : " L zo o
.“ .” : 7
: v v o =z
] 1 b
[ [ -3
4 M (&)
. . T
! “ ¢° o
: : : o
. . ) Eb0
' . . —
, . v [ ¢ ]
" " 2
” ' - 9°0
: ; : ' 90
TINMO TS DM I8 TTNG  C WIA 03033M G HIA 03xowul |
17 e [ N T 1" 1
mu?lgd;l ;;%w»L C@IUHIZ

72




e a «

ZRf 3Iueaz 103 3dsucdsey apnitrdey ZZ*9 eanbya

— —— -

e - - -
-SONRO3S- WL
ot L1 31 bi £l 41 1" ol 6 | ]
e 1 'y 1 A ke N} —daa 8—~1
- 0991 -
VSN—.
I 0b8 -
| -
izsj ;_;ér A z
] ] N (/\?S)\c/\,}\)\f\(l\lf)\/‘% .
i 9
- 02V
,_, I 0V
- 0921
b bl- NOLLO3d410 LIN]
l 15719 FIHS T 139MYl - 0991
Ny 3 HIBHNN HOSNIS
g CRt HABKNN INJAJ l‘
, - 4 0012
S "= LdHT HOSHAS

73

RTINS




Z9€ 3Iuaalg 103 osuodsay Aousnbeig £Z~9 ainbya

TZR- ION3N0I84

Sh ot
- _ — — A
»
o
X
(i}
2
90
_ - £2°0
| -8°0
00°81 00°8 (3351001434 FRIl
bl-  NOILOJMIO JENI
1S18-HS ‘01 LIgpul -6°0
£ H3GUNN YOYNIS
28% H3GHNN 1§3A3 ]
-1

AON3N0THS -5

43404 40SN3S

74




e

i

e L =~ A AT Smasemment et e i
ZBE 3IUBAT JOJ UOTID2ITQ IVITTI PEYDIEN dSWT 429 oInbyJ
-G3M930- I
Gel nsi (%41 Qm»_ QL OM m.m .m mvu. mm mm. .5._- mm_._. Om-_- Lt -
- O 0078 oo it
1578 WS 3d4AL 139901
" T ¢ THIWONAIOd 334930 Eso
P . 8L AIBHON IN3AD
/- ™ !
% * N !
/
\ G L
\\\ e
i)
/o o . e p
]
o &
/ - =
/ 5
\\ m .
\ . N
ot .‘M
w
v a \ 3
\\. -G ¥
oy SMHAG W INUK 18 ° I
/ UIIHOTONT JdY 9IH0 OSN35 TnLY
s's
S i, H3r 1SH3




Z8f 3u3ag 103 Alemwns woT3081TQ 3I6HIRY STdTITNH 4SH1T

htn

(VRN

00°n

(3 DY

0ca0™0 NOTLID3410
onaeto A0 WY

AONINAM LADIHL TINNOSHIS4 LW NS

0ooeT () NG L3910
000" o UINLTIAUH

ADNING RS L19yyl HL40 T Q3T MKWES

0coo 0 NOTLJ3NI0
BIARIONY] ANLdWY

FININDAN Ld9abl 101THA M G31UINKIS

(1000 NUT LS
0Gon 0 30041144

LGNINDAY S 19901 33THIA 6NML GIIHTINWLS

T -

LRty LHH8 NG

00780 0078 13351001434 WL

cBE YIBWNN IN3JAJ

TR - 139981 31d1LINY

GZ°9 3inbiyg

76

.

LR




JLE IUBAE TI0J UOTIOSITA TRTITUI JSHT

——

g9z-9 @anbt4g

-wuumouc ugmzc

02 44 onz Y4 DSt st 0ot Se os T 1] SZ- 0s- SL- 00t- S2i-
e 2 1 1 e oy A | P Lo, rs 'y - — . - Y
- 00°6 00°Q (3235)00[¥3d il o
00°2% - NOILO3YIO WILINI
o C WHIWONATIOd 3930 of oot
cLE 43GHNAN IN3AJ
- 002
\.\!/ L oot
)
\\ ]
pd tooy 5
\.\ '~
e 2
\ 3 § ™M
. ]
\\ F 009 m
P -
- / [ . 002 _.,m.
iwn
s F 008
S - 006
\\
; I 0001
\\\ ST0HAS HINHUW X8
UALUTIONT J4y 41U ¥OSN3S WNLIY
Qott

A TWNORNATIOY uuxigcm NHJW 15H3T

e

77

S e,




ZLf Iu3Aa3 103 =asuodsag 191714 pauliey LZ"9 eanbtyi
e e e e e e e e e — e -
ND{LISO4
oo o a9 S.ov ogha 0
- . 036 000 103500083 ML |
; ” ‘ £ MIGHNN MOSNIS
_ ” } 9°0-
. . n D
“ ! n E
. : ' Lyo-
! ' ' 5
: ; : <
' i + )
) : ! FZ2°0- 1M
” _ J o
: ; g
= 4
D
-4
)

LNNG G Y

CLSYTE NS

AHOAS A AT d O4HIO LYW

¢°0 1M
)
J
- 3D m
i
i}
- 9°0
F8°0
HIA 03733HM_: HIA OXOWYL § |

78




ZLf 113AT 103 Asucdsay 2pnitryduy 79 sI1nhT 4

SLONOJES W

5 w m 9 5 13 £ 4 l . ‘
L. 'y e A A e '-' }
LY
| 4 |
] { » _
i ' !
.~ ..w _~ | | ‘. \ ..t "
i _: iR Iail LI K {
; e fie it B | -
H : i f % 1
_, | _ ._ ;
w \ ) _ 0%
1 l w 1
_ ‘ {1 2]
ACA
Lo NOTLC G fz_
MLAM 1 1399ME 091
3 NIHHON HOSHIS
778, NN INJAG
oo2
S . PRI DR [ L I A
| S, —_— - e e - s . — e . o e e 2 ot o e i . o e - —————— — o o =t o o et e e e o o

S e




ZLE JUBAY J0F I0susS butuoTduniyTew jJo esuodsey spniyyrdey 62°9 81nb1y

|
|
-GUNGT3S- Wil M
ﬁ
!

A e e e e e e e e e - - -
3 9 ] 9 S ] < 2 1 0
A A yu e . e 4 'y 8'—A
A41
} LR
Sﬁy
8~|
0 3 &
[ang
M -4
f { J | | o8
" _._. ! /s 19
W
L 0be
4" NO{L103810 LINI
Q71 139wl L 0Z11
l NIOWNN HOSNIS
A YIAWNN INJAT
oov i
v . . \ - - —_
UL - e - LHANT HOSH3S




7Lf 1oAayg 1o0j esucdsay Aousnbeay 0€"9 2anb1a

Tf??enuu:l«%nq{!lnil:z{n:l%u!.-u};-!; uuaas!n
~7H- IONINNIM4
n9 Sy 919 St 0
v e : - s & = A o
[ ]
- 2°0
L (6 2
T.o
v o
(]
50 ¥
[59]
pi
370
L0
a0
006 0070 1035100183d IWEL
2e NOIIJI3MIQ LINI
HLAD 1T 01 13944l 50
| £ NIGHNN HOSNIS
_ A% AJGHNN INIA3 1




7Lt 3toagd 103 dsucdsay Aouenbzay 0f£*9 vinb1 3

q;lclnnsnllaftalir;uo-nnillfx|411||«u'|tn'||tz;|s n- ccntnuavuucllllelnl.
_ Th- FONINN3YS
a9 Gh o.m m._ 1]
Mg - - haaniid Tt Y2 o
()
- 2°0
L€ 0
{
| v
v
)
5°0 b
"M
a)
q4°'0
L0
80
AR QO O 00TEIg ML
Y NTLIO3NIO LIN
HEADT T 001 13944l 60
b NIEHNN HOSNIS
Soh 4IHHNN INJAZ
S {
|
o . SN
P AM0d HOSHAS
. e o o v e o —— e m et vt e et e o ot e e i e . o A n o o am m  — - o i e i e S e e e S P e b e o P o . o . . e e e

T S

ey

.




ZLE FUBAY 03 UOT3IO2ITA 123TT] DPeUD3IeW ASRK1 t€°9 @2anbt4

5334930 I19NY |

[4,2%:4 mWN Q..E ﬁmb_. OM— m»m— O_w»_ n.h Omr MN 0 m»m»w OM- mm- Shu .ﬁN—-
0076 Y00 ol Wiy
HIA WL 3kl L398ul
¢ THIHONATOd 334930
28 ¥3GMON INGAG/ |
[ ]
- OV

?
T3

\
\
®

E

Al

L]
m

-y
4
-

\
g7120

/
;
;
)
\
i
-
. .
-

S3Wl

001

| 021

» SI0HWAS MaqHW 18
HILHITAND 144 HIH0 HN5NYS WNL3Y

LiL 3

SR S HAHN05 N3V Hmcuu

e —_ - -




ZLf 3usAxd 103 Rivuwwns uoT3zosltq 1ohae] 9YdYIINN ASKH1 2f£°9 a21xnb1a

(n-o

Hann° o NOI13341a

34300°0 JONLI4HY
TONINDDS 1398HL TINNGSH3d 0316 NS

0noo-o NOT103810

(0oo-0 JUALIAWY
AN 119481 83140017134 03RS

anao-o NOTLJ3410

QuuoTo JONLT1dWY
AONINOHHA 139401 3701H3A @M Q31YINMIS

0u06To NGIL33410

ganuto JUNLT1dHY
KONINO A L3SNUL 110 IHOA 0381 33LWINHIS

003 = MOTLOIMTY L4031

< notilaidig

R

JEIHIA 00U
(070 (3351001414 W11
A2 HIHWON INJAT

L] LAVMEL T T

——— -— — -—

b e e -




f————

GLf IUBAZ 10J UOTID3IITA TPTITUI dSHT  €E°9 2anbta

-S33¥930-319NY
056 S6 006 S 05k SZb 00b S/ OSE ST 0L S 0% &z O

B I G0 T i ML
00°Z15 NOILDJ¥I0 WILINI

? THIWONAI0d 334930

a8 NIGWIN INJAD

SI0ARES 43NYUE 18
OILYOTONT 348 bIHO JOSNIS TWNLOY

el
- 0

I 002

O S3dHNGS NY3K LSBT

(¥ 3]

- — i e

au

st

g




GLF 3Iu3Alq 10} wsuodsay 1931174 PeytiIey ng*9 ainbtry

NOELISDA ,

Noont 15.0.40°} ccm» jc# QEN 0
; : 007G, 00 Ge (o’ aoiadd mit 1! :
: : ' £ WIGHNN HOSNIS ”
: : “ GLf R MR I I

Jldm L 3CO1T TdWy

= w2

.

¥3L7!

TINNOSH Y SRR 15U T3NS HIA O03TIIHM H3A ODipaL '

A5NUa gy ¥4 OdHILBK




GLE 3uead 103 @asucdsey apunitrirdey Gg*9 ainbrg

g e e o e ot T e o o o e e e e e A e e o e = = e e e - - -—

-SCNOJ3S- 3MIL

A1 b 49 2€ g oL 62 (74 @Z 9z T
| . .y e 'y 4 $ ol ) y N
onZ-
L 09t -
 oz1-
L 09-

Ll

86

__‘—'_
o
o
LNaNi

- 021

218 NOTLI3MIO LING
H3A-UXY] U1 L3984l 031
& YIGWNN ¥OSN3S

EYAS HIHHNN INJA3

JTL - SR - INANT ¥0SN3S




GLE 1U8AF 10F I0SUIS

butuoT3iounjied 30 csuodsag epn3itTIdwy

g¢°9 ®1Inb1a

-~
> W

|;mozooum, WLl
S ¥

A PP ¥

™
- €

o o

- 006

H 0021

=X

INaN]

——— i tm——————

AN L




p o ———

o.€ 3U3dAZ 103 @suodssg Aousenbezj LE£°9 @2InbYd

R -— —— ot . et e e . —-———— —_— -

-ZH- 13N3AND344
5k o 5!

B A T i.éf

0TSy 00°4C 13351001834 ML
Z1f  NO1123¥10 LINI

H3A - ) “0°]1 13936l

£ YIGRNN HOSN3S

YA HIGUNN LN3AJ

10

270

L0

t 3°0

Falil

Ll

- 6°0

FPOHAN0ANS A 2EM0d memzum

Y3MCS

(RPN

- - ———

ag




GLE IUBAZ JOJ UOT3IDD2IT( I91ITTJ P8YSOIeH dSWT 8€°9 21nby4

[1,0:1

- PR —— v — -— —_

-5334930-319NY

GLe [§,5%4 e ac? Gl QM_ ww_ R.: m-m Q.m m.ﬁ n.v wm- aM| S4-

00° 68 00°6¢ 1535i00153d Wil 1™
H3A cém W wmﬁ me i

HIWONATI0d |

® g8 uw o
-

. .
s L 001
*_
" e L - 051
- 002
ose
F O0L
L OSE
- 00%
GI0ANPS YUY 18
OQILYIIONT D »1H NOSNIS TWN1LoY

oSk

st Gd SN0 NY3r 1983’

- - - —— -

L 1¢73C 311673

14
3

S3d1

°3




G/f 3JusAay 103 Aieenns uo13oeztq 3ebael o1dT1IIDH asw1

et et e S T e T o o e e . e ———

6£°9 ainb1y

a0°0

0a-0

00°Q

00°Q

0000°0 NOIL133u1Q
0000°0 J0N11714WY

XON3N0344 [394YL TINNOSN3Id J3IHMKIS
0009°0 NOI L3310
0000°0 J0N1171dWY

AONDNOYS 139441 YILH0D1I3H 03LHMKIS
0000°0 NO11O410
0000°0 RIVIIRRE 0]

AININO3YA 13RYL JIOIHIA AHM QILUINKIS
000070 NOILDO3MI0
0000°0 3001 1Y

AONINO3Y4 139yWl NOIHIA O¥¥L (31I4NHIS

00°0 - NOT133yid 431403173K
00°Z1s - NOIL33MIQ 15618 T13HS

0070 = NDILO3¥IO  373IH3A GIN0WNL
00°aL 00°S2 (2351001434 IIL
SiE YIBNNN IN3AJ

INdINO Y3114 03HIL




P,

hL€ WOAY JOJ UOYIDIIT(A TPTITUI JdSHT on°9 2anbH13
-CIINYI0-TISNY
[5.5)9 ¢4 06? e (ing Qe am~ fw_ on.: m»\ e-m m.N n.v ﬂm- OM- G-
00 6L 00° 62 (D1100183d miL Y°¢
00°6S- NOTID34I0 TWILIN
0
M
&
D
® a
. =
\\\ [ ]
7 o
P }00S. D
i -4
L
™
wn
} 00F
L}
I OGS4
- 00S
CIO8WIS N INNUW 19
AILHDIGHT 39 YLH0 HUSNIS WNLOY
- 05S
L

N1 S 048005 NHJW L5HJ7

- - —




niE 3R TO3 Azuods3Iy 1311T4 PoUDIRY th°9 vInbly
f - - T e e e T T e e e e e T e o T e e e e e ot e ot e o s e e e sy
! NOTL1SOd
w 0000t 0009 0003 000 0002 0
. I m OD°SE 00°62  (0hin0iaid Wil 1
i ; " " £ HIBWNN NSNS
" ; : ' (743 S H38HNN IN3AD ) o,
. m m : ‘
_ : :
! " n
_ " ; ‘
| : : H
" r
: 3
: N
! : “
! X
1)
S
(g}
1
o
M|
3
-
L)
, P4
TSN ) UM LI YOG Lowin gFiinm [ uds adjout §
BN TEES TR N 117 Sl
SUMAS A HALT (D LHL
L —— ot e e e o e e o o o e s e o . o e o e i e o e e o e e e o — - —




7-

(€ 3uaay

103 asucdsayg 2pu3ryduy

Zh° g IanbTy

e e e e e & e e o e o i i S % A A o e S ke s e e

GANOLS MtL
% 3 {5 43 it 5 K2 B2 P14 k4
pul A i e, D, A A i P | " 8—«
08
H
_ J |- 03 -
b ﬁ il
! N W ;
Wy “ "1 A Ll -
, A 7
; an : TL i — 18 ”» X { = Al
. ! 3 : i ‘ \ s
’ ¥ y _“_ J “ M 4
m M | ! 0
, B 8 ". 7 vw M
i i t
M Ow. _ "w _ X - 0%
IR ! | } ! ]
L) | :
\ nq
|
o R R SR R I A L)
RRRTIRN IR U A S19 B (T LN R I § SR IR R T R D1 T 5 08
O MOLNETS
§. AR IHIAG
o0
ool Poo s AN




hLE 3UDAZ 10J T0SUBS HuTuoTizouny TP Jo o2suodsay spnitidevy tn°9 8infhia

ﬁv T e e i e T TP e e e — s — — = — Ao s ot A e e s o T Sl S e S M T S ey e s " " — — — ot Gt Vo . G il . U = g s . . M, ik A e o . B e, . e S -
-SONODIS- IMIL .
6 9 V4 g9 5 ¥ £ t4 { a !
e ] l PP ¥ y | A ry gt
009! -
[ 1741
008
00y
P z
csefet\v 0 ¢
-4
- DO%
i
s ]
| 0071
BE.  NGLLIMIO LINI
071 139841 L oo9t
1 MIAUON MOSNIS
| TAS HIBWON INJA]
o002

[
——
-
)
L
“~
=
{

LOANT d05MHE5 o




[~ AD-A138 914  MULTIPLE TARGET IDENTIFICATION AND DIRECTION FINDING J/}
USING MATCHED FILTERING TECHNIQUES(U) NAVAL
POSTGRADUATE SCHOOL MONTEREY CA J L JOHNSTON DEC 83
UNCLASSIFIED F/G 17/10 NL

END D!
4 -84
Come




= = umn

lE = g
umg i

22 s nie




r—

hif 3IudAz 03 astucdsay Kouenbeldy fnn°9 21nbya

-— - -—

-ZH- ITCN3N0344
S ot St
- 4 - bt '

»—,

00798 080762 (3351401434 1L

6G-  NOILJIMIO LINI

ALASE VN LSTIE- "G (3A -OXYL ‘071 13944l
3 HIOHMN MOSN3S

1£4% H3IAWNN INJAD

40 =Sh - 43MDd HOSNIS

—— -

95




hLf IUESAT JOJ UOTIDBITQ I83ITTy PEYDILR JSHT Gh°9 2aINBYLJ

-§334930- 319NY S
sS |25 0cs 44 Qsh 57 a@v m:wn On....n. mwn 0ot mmm OMN mmm 3« wh.. { M .
. 005t mmw_% O35TG0Td T 0 P
. d d
T U WikoNd 104 90
\\\ +Am/ 439 IN3A] oot
< .
\\\ /lr/
[} 174
P AN
/ o .
/ 5 )
/ o 1
\\ . & o w
\\ 0.1 4 m ..
/ 'p
/ ’ _
/ *foos 2 A
\\ _‘.«n.
/ w
~\.\ §
/ |
/ 00L
6 I0AWAS HINMUW 14
UILUDIONT J8U BLHG NOSNIS THNLOY
v §
TR NN T B Cop '
oS A SHYN0S N3 LSH3IN




nLE 3IUBAY J03 Alemuns uo13Idelrq 3obiel ay1dTITNR JSKT

9#°9 2Inbry

0000°0 NOIT133d1d
0000°0 30N117dWY

00°0 AONTINOES 139881 TINNOSHI4 031U INUIS
aoooto NO1133410
(000" G 30N 1dWy
0" 0 FONINBAY.S 139481 33140017131 U3LYUNKLS
000070 NOTLI3MI0
0oon°o JONLIdWY
00°0 AONING3Y4 139341 JIDIHIA WM 031U WS
00000 NOT133d10
0000°0 J0NLIdWY
Q"N LONINDM.) L7394l J31H3IA OX41 031U INMIS
007k - NOTLOANIC TINNOSHId
OOy = NOTLIMNEG 15418 13NS
NO°6HG - NOTLIINIO FIDTH3A IxJUNL
00°GE 0n°G2 12351001434 Wil
brS H3IGHNN IN3AJ
ndrre

L1 TIAHDLUM - 139498 JAdTLINK

g7




Z0€ 3USAZ JOJ UOTIDOITA TPTITUI dSHT L 4°9 @2Inbya

~6334930-319NY

I i N

00z mm_ o..u._ 174 Q.: m.n oS sz g - 0s- 8- 001- s2i-

R TR RESII e T
00°% NOTLIINIO WILINI
WIHONAI0Y 338930

HIGNN INJA]

STI0BHAS ADNUK 18
(0318JTUNT 34¥ HIWO NOSN3IS WNRLSY

THIMONT 104 5344N0S_ NYIW 15837

S3Wil w30 ALY

v et -




Z0f usAd 103 osuodssy 193714 PeyoIel gn°g oInbyg
i -
NOTL1S0d
caﬂ.x: ao.ac 8—8 Qmuv 0002 1]
- “ 039 00 (oBiaoyid ML 1"
" : " < HIEHNN NOSNIS
: .. u NOM " &ug .—.ZU>U 80-
m m : ; ve-
m ; : m bo- fm
" : : ! —
' ’ . " ﬁUH
m : : : te- ©
: : ' : Q
+ 1] 1] " |‘-
. . . ° 3
u ' ' =
: . ) (3¢
L] + Iy H
! ! : - 270 m
: : m s
: | : m AR
: ' ' ! o
: : “ ' Y
i L 9°0
| m w M
TINNGSN 1 (1M CLSYIE TIHS b MIA 03T1IIMM L MIA ODIOYNL f.
RS of T3 g
AN A HALTT 4 OOHJLHW




Z0f 3u@ag J03 °sucdsag spnitidey 6h°9 eanbya

~-GONDDJ3S- 3MIL
5 : :

alad

A e b - 0012-
009!-
ot -
g:
8-

S - - ]
(4
o
ozt
14 1133410 LINI
1518-HS *0°1 13944l oet
L YIAHNN BOSNIS
20e H3EAWNN IN3AQ
§ 0012

JHUIL - SA - INdNT HOSNIS

INaN]

100

v
4




20f 3Iuea3 103 asuodsay Louenbeayg 06-9 axnbra

- —— — o

-7H- KIN3NO344
051 001

~ o PE Ty

i
m ”‘
¥
}
4
0 ri H
o £ S !
M) |
o !
9°'0 ' ;
2o

009 cc.m (335 (118

15718 S
¢
[41)9




p e o -

Z0€ 1U®A3 10J UOT3IDIITQ I23TYTJ] POYDICH JSH1T 16°9 21064
-G334930-319NY
05z see

aQz St st set 00t

2

SL o8 sT Q §2- 0S- &¢- 00t- S&¢-

4 '

L[t14

174

ST08WAS A 1UW 18
QALYIIONT Jyu HIHO ¥OSN3S TWNLJY

S EINATIOA S3UHN0S NE3K LSH3T

(3
&

102




Z0€ 3u3ag 103 Kiewuns uUoT3idealq iebiael o1driiny JdSHT 76°9 ®anhyq

f— = ——— — - - - - Ead

0000°0 NOI L3310
000G°C 30011 ldWY

00°0 AGN3RO3YS 139481 TINNOSH3d QLTINS
0900°0 NO1133410
6000°0 30N11dWY

0070 ASNIND3dY 139801 33140017130 314G
0000°0 NG1133410
0000°0 30011 1dWY

0070 KININOAYY L398WE FITIHIA (7T 03LdI001LS
0000°0 NOJ 133410
0000’0 3011 1dWY

00°0 IONJN01Y4 139881 30 1H3A 081 031U WIS

103

Q09 = NNLLOWE 1syg 1AW

00°9  00°Z (33SiA0I¥Id Wil
20L__ ¥IBHON INIAT

-

LOdLEC » 10 OOR2 LU - L3941 311 LINH

b e e e e —— _ -




(08s9 - Z) hGg IU2AF I0J UOTIDAITA TETITUI ISHT  €5°9 eInbya

- - o

-$334930-319NY
02 Sz 00z Sl 0SI S 00l SL 0§

—_— -

114 0 Sg-
00°9 ao.w (3351001434 3l
00°€- NOILOJMIO WILING
¢ M 104 334930
#SE HIGHON INIAJ
.
)
]
- 08
oo
S0ANAS ¥3NNuW X8
031431ONT 34Y YLlWO ¥OSNIS WNLOW
¢ o2t

THINONATIO S338N0S NY3W 15837

S3IWIL A8T30 3A[1v 3




e

(09sS9 - 7) hHGg J1uU3A3 10J 8asu  3I=ay 183174 peqol ey nG "9 @1nbyy

...... n-{l.i-iilsfi,-lil! lun!.l!ii{i
NO1LISOd
Q!hx: 8%5 9.5 ‘ 000% 0002 0
T " 03’9 00°¢ (0%1000u3d ML 1"
: " " £ MIOWON MOSNJS
: ' ‘ bSE ¢ Y3BHON IN3AT § 4.
| m. W !
: " : 2
“ m m M
" m : & o
4
' . . 3
[} [ 13 L ]
: : " Q
+ L] L] “
m ! m 8
; " : o
‘ ' h —
" : : a
" : ” =
w W m m
J3MNOSYId D134 __ 1668 TI3HS | W3A 03133 | w3A gaxousl

3SNOS3Y ¥3LT14 03HILY

- s e s —— - ——— - ———— -




{0859 - 7) n4f 1uead 1cj esuodsey zpnytidmy 6G*g eaunbty
T T T T T e T e e e e e e e T e T e T Y e e e S o = e — e - -— —————
-SONOJ35- 3HIL
9 s L £ r
P 1 Ao Y b 'y A al
gNl
001 -
oz~
sl
e w
Z ©
[\ :A.- [
[ oo
-—
09
ozt
001
£ NOI1J3¥10 LIN]
! 143 IS8 -HS H3A-ONYL ‘071 13944l 0v2
,, £ HIGUNN HOSNIS
12518 YIGHNN INJATJ
om
-
AWIL - SA - LNdNI ¥0SN3S
b - e > i e - et S o it e St e A o —— - — - - -

F




(oes9 - 2) nof IuzAg 1cI esuodsay Aousnbeiaa

9G°9 3ianbyga

- — . . B S e g e = S e . ——

-ZH~ XONINO3Y4
0s1 001 os

00°9 00°C (3351001834 Wil

i £-  NOIIOMIO 1IN}

H143173H  1S718-HS  H3A-0MM] ‘0°1 13%udl
L HIBHNN JOSNJS

bSE YIGWNN IN3A]J

JONIND3YS -SA- ¥IMOd ¥0S

N3S

u3M0d

107




T—‘

T ——e
T e .

{5959 - 2) nGf 3uUeA3 J0J UOTIDD2IQ I2ITTJ PoYDIeN dSET (6°9 2anbig

- —— ——— s S et A e o T -

-S334930-319NY
DSz Sz 002 S 0§l Szl OOl S 08

s = 0 s
RN AR E S T e ¢

ST0GHAS ¥3MuUW A8
G31U010ONT J¥Y ¥iU( MOSN3S WNLJY

JHIVONATI0d S33HN0S NU3W 1SH3T

SHIL 1&730 3AILW3N

108



(b8s9 - 7) nGf Iusad Kiewens uo1inexyqg 3ebael eydyIInu ASE1T 86°9 #anbyy

- —— —

0000°0 NO11J3¥10
0000°0 J0NL I VdWY

00°0 AONINO3Y4 1394UL TINNOSH3d O3LUTINMIS
0000°0 NO11J3¥Ia
- 0000°0 JONLI T4y

00°0 AONINONY 13HL ¥3L1d0J1T3H QILYWMIS
0000°0 NO1133410
0000°0 30NLIdWY

00°0 XONINO3YS 1398YL 310TH3A 0OHM O3IHWWMIS
0000°0 NOI133410
0000°0 J0NLI 14

00°0 AONINO3¥4 139¥UL 3T0IH3A OX¥LI G31UWMIS

109

00°6SE - NGILI3MIG 4314031 T13H
00°% - NOTLOOMIO 1sY18 T3ns

00°Z€E = NOIL338{Q  310IH3A O3MJUNL
00°9 00°2 13351001434 3Ll
ySE YIBHNN_INJAJ

| INGLNC ¥3LT14 Q3IHOIBEW - 13984l 31dILNW




(08si1 - ¢) nGE 3UaAF 103 UOTIDRIT@ TETITUI 4SMT  65°9 eanbyy

00s

—— T —— e o Y ot s it e, S ot S s e - e

-S334930- 319Ny
Sb 0Sh  S2b  O0b S/ OSL R 0O S@Z 052 S22 OOR G4 OSI Sl 004

0O It 00"z (J3Si001d
00" 162 NOI1OJMIO WILIN
® ¢ "WIHONAT0d 3349
bSe HIGHNN INJAD

R 8 =

®
I T30 N3N

b

SI0BMAS NINMM LG « ™
03IWIIONT Jad €160 NOSNIS WNLOY

SRR,

W10 T0d 538605 NEIW LSHT

- -

110

s p



(Destt - L) tge 3usAag 103 osuodsey 123174 POYojz wN 09°9 sanbyyg

T..l.:i .. ..|....||t o |1
NOI11S0d
00001 0008 0009 000% 0002 e

LS A ik [T TEP]
¢ SIBUON NOSN3
bSE 4IMON INIAT [0

~
9

¥31714 03Jlb JO 30N1I17a

DR R L R L R SRR PR T

11

Te

0

B R R R L L L R R e

[
'
[
L]
'
[}
4
]
.
’
[}
]
*
'
L]
’
’
[}
]
1]
’
’
]
L]
L
'
[
'
.
L]
]
i
]
]
'
+
[
’
’
L
’
L]
)
'
'
1
]
]
]
’
]
+
A
]

TINNOSHId 01 15418 T3S

H3A G37334M

dSNOJS3Y ¥31114 d3HILH

——— - — - — -




—r e

(oasL - () nG¢ IuUaAZ 303J esuodsay epnyTrduwy 19°9 @2anb1y

"

————— e ——

-5GN0J3S- ML

o1 § ¢ 4
e . e ) & a4 s-|
1
0091 -
0921 -
-
§|
— 0
ozy
e
! e
BEITNDI LO3MIG LINI
1518-TH8 Q"1 139941 009!
€ HIEWNN NOSNIS
¥SE Y3EWMN LNJIAJ
114

LNaNi

IWIL - SA - INANT YOSNIS

112

PR A e




el SN in..... S S

(o8siy - () nog 3jueagz 103 asuodsay Aousnbaig Z29°9 3inbyz

o ———— —— et -— - — e -

-ZH~ AON3N03yJ

002 oSt 001
4 b i

N3M0q

»0

00°11  00°Z 1335)00143d MIL

162 NOILJ3¥IQ LINI
1878-MS “0°1 139l oo

£ HIBHN HOSNIS

bSE Y3IGHNN IN3IA3

JON3N03¥4 -SA- ¥3MOd HOSNIS o




(desit - L) #Gf IUDAZ 103J UOTIDDITA IBSITTJ POYDIPHW dSHT €9°9 9anbia

$339930-319NY
2% ﬂ.uv ﬁmﬂ an wwn Q.H Mmﬂ S.N n.ﬂ 214 (¥4 ] o8t 1+ 4] oot « '

114

SWIL X$N30 IA LGN

ST0BHAS ¥IHUW X8
O3L6OIGNT 34 YlUa ¥OSN3S WNLlY

R & ¢ 8 8 R R R

THTWONKTIOd S3YUNDS NYIW LSYIT

o o et st v i e~ ————




(02sy) - L) n6e uaag Arewens 3ebiel eydrdTng JdSHUT #9°9 21Inb1a

7-1---!--!!#1;-!!} - :-- - -
0000°0  NOI1J3¥10
0000°0  30NLidWd
00°0 XONINDINS 1399YL TINNOSNId QILUWMIS
0000°0  NOILOMIQ
0000°0  3aNLITdWd
00°0 AON3N0NS 139¥UL ¥3LJOJITIH QILUIMMIS
0000°0  NOLLOJNIO
0000°0  30NLITdWd
00°C  AONJNO3M4 139¥ULl F10IHIA GHM QILUIMIS
0000°0  NO11O3¥10
0000°0  30NL1dWY
00°C  AININDIMJ 139UBL J1IIHIA OXEL OILUNHIS
00°$0Z - NOILOIMIC TINNOS¥3Id -
00° 162 ~ NOILJ3WIG 15478 TIHS
00°162 - NOILOINIO  FT1D1HIA QI1IMM
00° 162 - NOILJINIO  JNOIM3A OINDUML _
00°11 00°Z (D3S)001N3d MIL
PSE  NIGWON INIAZ
, INdINO 431704 03HDIBW - 13944l Jdilnk




VII. CONCLUSIONS AND RECQMNENDATIONS

%%

The ability of *+he digital matched £filter t©o detect an
wa

(]
0
n

correctly identify actual discrete single +argex +yp
a

th

excellent. The 2daptive 2nhancemsnt of the macche il+er
3

schame was fo>und to sharpen the matched filter responses. |

The complications of multiple targets and continuous targe*s
proved to be lass successful. Lack of high signal to nois2
ratio sample signals for use as filters reduced +thz abilei; |
of the €ilters to match ¢h2 signals. As would be expectel,
the simulated <+arget identification and di-cection £inding
operations met with success for b>th single and muliipla
targets.

The simulated data validatsd the usefulnsss of the least

mean squares curve fitting method <Sfor target direction
l ) finding. This algorithm was noted to be usa2ful in both the
relative peak amplitude response method for recoil/blast
| targets and the matched filter peak position method for all
targets. The highest accurracies wzare found using second
degree polyncaials, This was dus to the reduced noiss
sensitivity of lower degrese poivnomials. Cecavessly, signif-
icant errors vere found in +he dirac+ions destermined by the
phase difference algorithn. Thes2 grIors ware possibly due
to round-off error sersitivity i3 ¢the software/hardvars

implementation. Experimental data could not be usad <to
effectively crosscheck this £iading since most of the exper-
inental data targets were at zar> Jegraes ard the phase
difference routine seemed to seek z2r> degreass.

‘A signifizant resuplt vas <the accuracy of the Dblast/ j
racoil +arget directicn found using oaly tha peak amplitude
responses. Directicns could be founl using only the rela- f
tive anplitude peak positions for the array sensors and the
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least mean squares curve fitting routine. This resul=< :indi-
cated a possible counter-fire applicaticn using a ~zs3z=lvy
simplified systen. This £inding is felt %0 b2 significanz
ince artillecy +<ype targets aze the highest priori-y targe<
type. The discrete nature of <+th2 blast/zecoil seisnmic
signals woull also allow for ready separation of 2ven 3

large npumber o9f ccmbina2d hostile anad <f-iz=ndly sigral
sources., This would allow for obsecverless adjus*ment of
fire2 on%o hostils targets, Artillery and wmcr*ar tactgets
may, infact, ba the only <arget typas de<tsctables at the
ranges specified for a long range s2isnic systszn.

¢+ is vrecomm=zded that fuz-ther study be made in +o +he
possible ipplementation of <the lzast mean square Curve
£ieting of the peak ssnsor amplitudes r=zsponses in a
counter-£fire systza. Digital matched filters for seismic
target iden*ification and direction finding may alsc oprovs
effective aftar further experimentation with optimum samfle
signal filters for the various targat “ypes. Additionally,
the matched filtar —rTespo>nse 1ay possibly be enhanced by
preprocessirg the seismicz signals through aiaptive nrnoise
cancellors.

Acoustic vice seismic matchad filtsring wizh directicnal
microphones may be useful ia *arget identification. Once
the target has been identified, a aatched filter/leas: mean
squares based direction  finding schene could thern be
attampted.
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ARRENDIX &
USERS MANUAL

The software developed provided f£or interactive progran
oparation. However, further informatien wust be provided
fcr an initial system setup and corrsct program opera+tion.
To begin with, the seismic data anust be <%-aansferred from
magrnatic tave to +the IBM 3033's Mass Storag=2 System (MSS).
The data must then be «ransfered <o the DISSPLA usec's disk
for analysis of the progranm. Thase data transfers may be
accomplished using Jcb Control Larguage (JCL) procedures.
The magnetic tape volume must £irst be scaanad to deter-
mine the s*orage format ¢f its files. Tha JCL proceducs
TSCAN provides cthis information. A sample TSCAN Job

follows:

//3LJIV1677 J0B (3026,0304), *SMC-1677 JOHNSTON',CLASS=F
// EXEC TSCAN,VOLIN=PARK!, DCBIN=!DEN=2?,UNITIN='3400-4"
// EXEC TSCAN,VOLIN=PARK2,DCBIN='DEN=2',UNITIN='3400-4"
// PBXEC TSCAN,VOLIN=PARK3, DCBIN='DEN=2',UNITIN='3400-4"
// EXEC TSCAN,VOLIN=PARK4,DCBIN=*DEN=2',UNITIN='3400-4"
//

Once the +ape scan is coaplated, the tape files and
comnnents can be <transferred to the HNSS. Prior to this
transfer however, space in *he MSS must be made for <*hese
files. The procedure IEFBR14 is used for this purpose. A
saaple job follows:

//JLJTNT4A JOB (3026,0308) ,'SHC1677 JOHISTON?! ,CLASS=A
//7¢8AI8 ORGaRPGVH1.0131P

/7 EXIEC PGM=IEFBR14

//0D1 DD UNIT=3330V,HSVGP=PUBGB,DISP= (NEW,CATLG),

/7 SPACE= (YL, (4,4,3) ), DSH=NSS. S3026.P302
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/*

// EXEC PGM=IEFBR14

//DD1 DD UNIT=3330V,MSVGP=PUBUB,DISP=(NEW,CATLS),
7/ SPACE=(CYL, (4,4,3) ) ,DSN=M55.53026.P314
/%

// EXEC PGM=IEFBR14

//0D1 DD UNIT=3330V,MSVGP=PUB4B,DISP=(NEW,CATLS),
7/ SPACE= (CYL, (4,4,3)),DSN=45S5.53026.P319 ]
Vhd
7/

Each eveat is proceeded by a conmment <file for <that
om *hs TSCAN
output as 2 file «containing only one record. The files

event. These ccmment files can be idan+tified fr

conzaining nine or eighteen reccrlds are th2 sensor datz
files for the events. Piles of 1nirpe records in length are

evants using 2 circular array of nine sensors designated as

a type A33 array. These sensors are all vertical aoticn-
sensing geophsnes. The 2ighteen record files <contain six
senscr groups of <three gaophones. A4 <circular azray is

desigpated +ype A31 and a linear array is a type 432 array.
The three geophones for each group sense either rcadial,
tsansverse cr vertical motion. A JCL rouatwne, using the
procedure IEBGENER, +transfers the event comment ard sensor
data. A sample IEBGENNER job follows:

//73L311677 JOB (3026,0304) , *JOHNSTION SNC1677' ,CLASS=F
//7*MAIN ORG=NPGVM1.0131P

/7%

/7% CB/CMS SUBMIT IEBGENER JCL

/7*

/7% COPY TAPE PILES TO MS35.53026.P319
//*

// EIEC PGM=IEBGENEE
//SYSPRINT DD SYSOUT=A
//SYSUTY DD UNIT=3400-4,VOL=SER=PARK2,DISP= (, PASS),
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7/ LABEL= (1,5NL,,IN),
//  DCB=(RECFM=FB,LRECL=64 ,3LKSIZE=2348,DEN=2,0PTCD=()
//SYSUT2 DD DISP=SHR,DSN=4SS.53026.C044ZNTS(COM319)
//SYSIN DD CUMMY
//#t****#*t***#t***#***

//COPY PROC FILE=,NEM=

// EXEC PGM=IEBGENEZR 1
//SYSPRINT DD SYSOUT=3 |
//SYSUT1 DD UNIT=3400-4,VOL=SER=PARK2,DISP=(,PASS),

7/ LABEl=(5FILE,NL,,IN) ,DCB= (RECFA=F,B3LKSIZ2=20u8, DEN=2)

//SYSUT2 DD DISP=SHEK,DSN=MS5.53026.2319 (EMEH)

//SYSIN DD DUMMY /
//  PEND

/*
//t*#***#*t**t#*#*t****
//  EXEC COPY,PILE=342,M4EX=SEN1

//  BXEC COPY,FILE=343,MEN=SEN2

//  EXEC COPY,PILE=344,42M=SEN3

//  EXEC COPY,PILE=345,MEM=SENG

//  EXEC COPY,PILZ=346,MEM=SENS

//  EXEC COPY,FILE=347,MEN=SEN6

//  EXZC COPY,PILE=348,MEM=SENT

//  BXEC COPY,PILE=349,MEN=SENS

//  EXEC COPY,FILE=350,MEN=SENI

//  BXEC COPY,FILE=351,MEN=SEN10 '
//  EXEC COPY,PILE=352,MEM=SEN11 ;
//  EIEC COPY,PILE=353,MEM=SEN12
//  EXEC COPY,PILE=354,MEM=SEN13 :
//  EXEC COPY,PILE=355,MEM=SEN14 i
//  EIEC COPY,PILE=356,MEN=SEN15
//  EBIEC COPY,PILE=3S7, MEN=SEN16 {
7/  BXEC COPY,FILE=358,MEN=SEN17 g
//  BXEC COPY,PILE=359,MEN=SEN18
//  BIEC COPY,FILB=360,MEY=SEN19
/t
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7/

Transfer of the

¢ ur-zi avent Jata from M3S ¢ =h=
c

DISSPLA user's disk may .ov - p
job with the approprce
geophone's data is submitrtzd. Thz RSCS/NET f=2asure is aseqd
t¢ send the output
sample for*zan job £for nin2 sensors follows:

//73LJ83026 JOB (3026,0304), YIOHNSTON' ,CLASS=a

//7*MAIN ORG=NPGVX1.0090P
// EXZC FOFTXCG,REGION.GO=1024K

//FORT.SYSIN DD =

C
LOGICAL*1 INFO1(8),INF02(8),INF03(23),INFOu4(8),INFOS (6)
LOGICAL*1 INPOG6(8) ,INFOT (8) ,INFO3(38) ,INFOI(8)
INTEGER*2 DATA1(1020) ,DATA2(1229}) ,DATA3(1020Q),DaTas (1020)
INTEGER*2 DATAS (1020} ,DATA6(¥)20) ,DATAT (1020) ,DATAB (1020)
INTEGER*2 DATAS (1020) ,DATB1Y (4290)

C

DO 30 J=1,4

READ(1, 100) INFO1, DATAY
READ(2, 100) INFO2,DATA2
REZAD (3, 100) INFO3,DATA3
READ (4, 10.0) TNFO4,DATA4
READ (8, 109) INPOS, DATAS
READ(9, 100) INPO6,DATAG
READ(10,100) INFOT, DAT A7
READ(11,100) INFO8, DATA8
READ(12,100) INFO9, DATAY
100 PORNAT(8A 1, 102(10242))
D6 10 T = 10, 1020,10
WRITE (6, TONDATAY (I ~ 9) ,DATA1(I = B8) ,DATAY(I - 7),
1DATAYT (T - 6) ,DATAT(I - 5),DATAV(I ~ 4),DATAI(I - 3),
2DaTAY (T - 2) ,DATAYI(I - 1),DATAT(I)
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10

20

49

50

60

70

80

e

CONTI NUE

po 20 I = 10,1020,10

4RITE (6, 101) DATAY(I - 9) ,DATA2(I -~ 8),DATA2(I = 7Y,
IDATA2(I - 6) ,DATA2(I - 5),DATA2(I - 4),DATA2(I - 3},
2DATA2(I - 2) ,DATA2(I - 1),DATA2(D)

CONTINUE

po 40 I = 10,1020,10

WRITE (6,10 1) DATA3(I - 9) ,DATA3 (I - 8),DATA3(I - T,
\DATA3 (I - 6 (DATA3(L - 5) ,DATA3(L - #),DATA(I - I,
20ATA3(I -~ 2) ,DATA3(I - 1),DATA3(I)

CONTINUZ

po 50 I = 10,1020,10

WRITE (6, 101) DATA4 (I - 9) ,DATA4 (I - 8),DATAL(I = ),
IDATA4 (I - 6) ,DATAU(L =- 5) ,DATA4 (I - 4),DATAU(I = 3},
JDATAG(T - 2) ,DATA4 (I = 1),DATA4 (I)

CONTINUE

po 60 I = 10,1020,10

4RITE (6,101) DATAS(I - 9) ,DATA5(I - 8),DATAS(I = T),
IDATAS (I - 6) ,DATAS(I - 5),DATAS(I - #),DATAS(I - 3),
JDATAS (I - 2) ,DATAS (X - 1),DATAS (I)

CONTINOE

po 70 I = 10,1020,10

WRITE(6,101) DATA6 (I - 9) ,DATAS (I - 8),DATA6(I = T),
IDATA6 (T - 6) ,DATA6 (I - 5),DATA6(I - 4),DATA6(I - 3),
2DATA6 (T ~ 2) ,DATA6(I - 1) ,DATAS (I)

CONTIKNUE

po 80 I = 10,1020,10

WRITE (6,101) DATAT (I - 9) (DATAT(I -~ 8),DATAT(I = T,
iDATAT (T - 6) (DATAT(I - 5) ,DATAT(I - 4),DATAT(I = 3),
2DATAT(I - 2) (DATAT(I - 1),DATAT(I)

CONTINUE

Do 90 I = 10,1020,1%0

4RITE (6,10 1) DATAB(I = 9) ,DATA3(I = 8),DATAS(I - 7),
1DATAB (T - 6) LDATAS{I - 5),DATAB(I = 4),DATAS(I - J),
2DATAB (I ~ 2) ,DATA(I - 1),DATAS(I)

122

— o ————— =




P N

90 CONTINUE
DO 91 I = 10,1020,10
WRITE (6,101) DATAI(T - 9) ,DATAI(I - 3),DATAY(I - 7),
1DATA9(I - 6) ,DATAS(I - S),DATA9(I - 4),DATAO(I - 2),
2DATA9(X - 2) ,DATA9(I - 1),DATAI (I)

91 CONTINUE
101 FORMAT(I6,16,16,I6,16,16,16,16,16,16)
30 CONTINUE
STOP
END
/%

//GQ0.FTOTFQ001 DD DISP=SHR,DSN=455.53026.P383(S=N1)
//GO.FTO2F001 DD DISP=SHR,D SN=MSS5.353G26.P383(SEN2)
//50.FT03P001 DD DISP=SHR,DSN=455.53026.P383(SEN3)
//G0.FTOUF001 DD DISP=SHR,DSN=M4SS5.53026.P383(SZNUY)
//G0.FTO8F001 DD DISP=SHR,DSN=MSS.53326.F383(SEN5)
//G0.FTO09P001 DD DISP=SHR,DSN=455.53026.P383 (SEN6)
//GO.FT10F001 DD DISP=SHR,D SN=MSS.53026.P383(SENT)
//30.FT11FP001 DD DISP=SHR,DSN=MS5S.53026.P383(SEN8)
//GO.FT12F001 DD DISP=SHR,DSN=M5S5.53026.P383(SENT)
//GO.SYSIN DD *

/*

//

A sample job for a six sensor group array follows:

//JLJ383026 JoB (3026,0304), *JORNSTON',CLASS=]
//7*MAIN ORG=NPGVN1.0G90P

// EXEC FORTXCG,REGION.GO=i024K

//PORT.SYSIN DD *

C

LOGICAL*1 INPOY(8) ,INFO2(8) ,INPOQ3(8) ,INFOUL (8B} ,INPOS (8)
LOGICAL*1 INPO6 (8),IKPO7 (8) ,INPFOB (8) ,INFDI (8)

INTEGER*2 DATA1(1020) ,DATA2(1020) ,DATA3(1020) ,DATAL (1020)
INTEGER®2 DATAS(1020) (DATAS (1220) ,DATA7 (1020) ,DATA8 (1020)
INTEGER*2 DATA9(1020) ,DATB1(4396)
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100

10

20

40

50

60

DO 30 J=1,4

READ(1, 100) INPO1,DATAN

READ(2, 100) INFO2,DATA2

READ (3, 100) INFO3,DATA3

READ(4, 100) INFOU4,DATAL

READ(8,100)INF05,DATA5

READ(9,100)INFO6,DATA6

FORMAT (84 1,102(10142))
po 10 I = 10,1020,10

WRITE(6,101) DATAY(I - 9y ,DATAN(I - 8) ,DATAYI(I = T,
1DATAY (I - 6) ,DATANI(I -~ 5y ,DATAN(L - 4),DATAT(I = 3,
2DATA1(I ~ 2) ,DATAN(CT - 1) ,DATAT(T)
CONTINUE
po 20 I = 10,1020,10
WRITE (6,10 1) DATAZ(T - 9) ,DATA2(I - 8),DATa2(I - .
1DATA2(I ~ 6) ,DATA2(I - 5) ,DATA2 (I - 4) ,DATA2(T ~ 3,
2DATA2(I - 2) ,DATAZ{I - 1) ,DATA2 (1)
CONTINUE
Do 40 I = 10,1020,10 !
WRITE (6,10 1) DATA3(I - 9) ,DATA3 (I - 8) ,DATA3(I -~ ),
1aTA3 (I ~ 6) ,DATA3(I - 5) ,DATA3 (I - 4) ,DATA3(I ~ 3),
2DATA3(I - 2) ,DATA3 (I - 1) ,DATA3 ()
CONTINUE
po 50 I = 10,1020,10
#RITE (6, 10 1) DATA4 (T - 9) ,DATA4 (I - 8) (DATAG (X = 7).
1DATA4 (T - 6) ,DATAL(I -~ 5) ,DATA4 (I - 4) ,DATAG(I = 3,
2DATAL4 (I - 2) ,DATA4(I - 1) ,DATAL (T)
CONTINUE
DO 60 I = 10,1020,10
FRITE (6, 101) DATAS(T ~ 9) (DATAS (I - B) 4DATAS(I -~ ),
1DATAS (I =~ 6) (DATAS(I - 5) ,DATAS (X -~ 4) ,DATAS(I -~ 3.
2DATAS (T - 2 ,DATAS(T - 1) .DATAS (I)
CONTIRUE
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DO 70 I = 10,1020,10
WRITE (6, 1O1) DATA6 (I - 9) ,DATAS (I ~ 8),DATAG(I - T),
1DATA6(I - 6) ,DATA6(I - 5),DATAS (I - 4),DATAG(I -~ 3},
2DATAG (I - 2) ,DATAG(I =~ 1),DAIA6(I)

70 CONTINUE

101 FORMAT(I6,16,16,16,16,16,16,16,16,16)
30 CONTINUE

STOP

END
Vid

//GO.FTO1FG01 DD DISP=SHR,D SN=455.53026.P350 (SEN3)

//G0.FT02F001 DD DISP=SHR,DSN=4SS.53026.P350(SENG)

//G0,FT03F001 DD DISP=SHR,DSN=MSS.53026,P350(SENT)

//60.FTO4F001 DD DISP=SHR,DSN=MS5S.53026.P350(SEN12)
//30.FT08F001 DD DISF=SHR,DSN=MSS.53026.P350(5SEN15)
//G0.PTOS9P001 DD DISP=SHR,DSN=45S.53026.P350(SEN18)
//GO.SYSIN DD *

/*

7/

Two files will be returned to user's reader. The firs« £fils
is ~he 1listing and diagnostics <file and should be purgel.
The second file should be named SEN DATA. SEN DATA must now
be editad. Delete *he first sevsa 1lines of the f£ile and
issue the coamand LREC 80 to set tha proper file recori
length.
The interactive prongram can be run with the <complete

collection of files listed in the exac MATCH. The MAICH
EXEC follows:

S§TRACE OFF

FORTGI EPILTER

GLOBAL TXTLIB PORTNODZ2 HOD2EEH INSLSPF YONWINSL
PILEDEF 10 TERMINAL

FILEDEF 05 DISK SEN DATA (PERM)

PFILEDEF 07 DISK COR DATA (P ERM)
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PI 4 DISK FILTER DATA (RECFM VS PERM
FILEDEF 18 DISK DISSPLA METAFILE T4 (RECPM VBS LRECL
13065 BLOCK 19G69

EXEC DISSPLA MFILTER

Entry parametsrs, such as the number ¢f sensors in *he
array and the sampling rate, can be found ir the NOSC data
log for the event under study. All othsr interactive entries
ara user salected options or ars self explana*ory.
{Ref. 12]

TR TTTITE
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.

match
G1 COMPILER ENTERED

SOURCE ANALYZED

PROGRAM NAME = MAIN

* NO DIAGNOSTICS GENERATED
SOURCE ANALYZED

PROGRAM NAME = ANGLE

* NO DIAGNOSTICS GENERATED
SOURCE ANALYZED

PROGRAM NAME = TINOUT

* NO DIAGNOSTICS GENERATED
SOURCE ANALYZED

PROGRAM NAME = FREQOT

* NO DIAGNOSTICS GENERATED
SOURCE ANALYZED

PROGRAM NAME = MATCH

* NO DIAGNOSTICS GENERATED
SOURCE ANALYZED

PROGRAM NAME = MYDATA

* NO DIAGNOSTICS GENERATED
SOURCE ANALYZED

PROGRAM NAME = MAXMIN

+ NO DIAGNOSTICS GENERATED
SOURCE ANALYZED

PROGRAN NAME = SPCTRHN

& WO DIAGNOSTICS GENERATED
SOURCE ANALYZED

PROGEAN NAME = NOLTI

* §O DIAGEOSTICS GENERATED
SOURCE ANALYZED

: AREENDIX B
SAMPLE INTERACTIVE PRO3RANM SESSION
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PROGRAM NAME = MLTPLT ,
* NO DIAGNOSTICS GENERATED 3
SOURCE ANALYZZD
PROGRAM NAME = RNMS
* NO DIAGNOSTICS GENERATED
SOURCE ANALYZED
PROGRAM NAME = AVG
* NO DIAGNOSTICS GENERATED
SOURCE ANALYZED
PROGRAM NAME = SIMULT
* NO DIAGNOSTICS GENERATED
SOURCE ANALYZED
PROGRAM NAME = LMS
* NO DIAGNOSTICS GENERATED
SOURCE ANALYZED
PROGRAM NAME = PLT
* NO DIAGNOSTICS GENERATED
SOURCE ANALYZED
PROGRAM NAME = SOLV
* NO DYAGNOSTICS GENERATED
*STATISTICS* NO DIAGNOSTICS THIS STEP
DISK *T* NOT ACCESSED.
B (126) R/O
C (127) R/O
E (128) R/O

ees Your Portran progra®? is nov being loaded ...
eeos @Xecution will soon follow ... ’
EXZCOTION BEGINS...

ENTER EYENT RECORDING NUNMBER-I3-
383

EVENT NUNBER 383

383. A33. 10 sErreé1 5KM 20D SROT. SET B. ¥O DELAY. C141 C¥ PINAL
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AT

ENTER
120.

ENTER
-100

ENTER
200

ENTER
.9

ENTER
.85

ENTER

ENTER
4

ENTER
1000.

ENTER
0400

POR COMPRS OUTPUT ENTER -1-. POR IEK618 ENTER -2-

1

T0 CREATE SIMULATED TARGETS ENTER ~1- ELSE -2~

1

ENTER

EXNTER
0

ENTER
0

END OF TAPE. "

SAMPLE RATE IN HERIZ-REAL-

LOW LOOK ANGLE IN DEGREES-I3-

HIGH LOOK ANGLE IN DEGREES-I3-

MATCH FILTER THRESHOLD. RANGE QF 0. TO 1.0

PLOT SCALING FACTOR~-REAL-

NUOMBER OF SENSORS IN RING 6 OR 3 ONLY-IT-

SENSCR NUMBER FOR DISPLAY-Il1-~

NOISE THRESHOLD LEVEL ~REAL-

DATA WINDOW SIZE FOR DIRECTION FINDING-IU-

THE POUR SIBULATION FREQUENCIES-REAL-

PREQUENCY

PREQUENCY
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ENTER FREQUENCY

ENTER FREQUENCY
120.
ENTER AMPLITUDES FOR EACH FREQUENCY-REAL-

ENTER AMPLITODE

ENTER AMPLITUDE
0

ENTER AMPLITUDE
0

ENTER AMPLITODE
4000.

ENTER TARGET ANGLE POR EACH FREQUENCY-I3-
SIX SENSORS ALLOWABLE ANGLES;0,60,120,180,240,300
POR NINE SENSORS;0,40,80,120,160,200,240,280,320

ENTER ANGLE
0

ENTER ANGLE
0

ENTER ANGLE
0

ENTER ANGLE
120

TO MODIFY AMPLITUDE OF SIGNAL ABOVE MNOISE THRESHOLD

E¥TER - 1 -,ELSE ENTER -~ 2 -
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2

ENTER DEGREE OF POLYNOMIAL DESIRED ~Il-

FOR SIX SENSORS ENTER 2 - 4, PFOR NINE ENTER 2 - 7

4
>> USING A PRE~ALLOCATED DATASET FJOR UNIT FT17F001.

>> USING A PRE~-ALLOCATED DATASET FIR UNIT FT18F001.
CATALOG AS TARGZ2T? I® YES TYPZ - 1 -, ELSE - 2 -

2

FOR MATCH FILTER DIREC FINDING ENTER -~ 1 - ZLSE =-2-
1

FOR PHASE DELAY METHOD EZNTER ~-1,FOR LMS ENTER -2

2

ENTER DEGREE OF POLYNOMIAL DESIRED -It-

FOR SIX SENSORS ENTER 2 - 4, FOR NINE ENTER 2 - 7

4

TO VIEW OTHER SENSQRS ENTER - t -~

1

ENTER - 2 - TO CONTINUE I'O NEIT TIME FRANE
2
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